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ABSTRACT 
When talking about road maintenance safety, it is an unavoidable talking about the TMA 
usage, as it located in the work zone intended to reduce the damage while crash happened 
and at the same time protect the related construction. Many scholars focused on derived 
use of safety performance functions for SWZs safety level judgement and for MWZs all 
existing researches are still stays at focusing working TMAs related factors. This research 
use TMA-related crash data in Missouri from 2011 to 2016, and through those recorded 
crash reports, combine using MWZs working schedules, figure out which factors and 
under which situations are common exist through all recorded crash both in MWZs and 
SWZs. Differential analysis model was explored and built in this research for a detailed 
knowing and referring the real reasons behind existing data. (Abstract in topic1) 
Machine learning is been widely used in all walks of life. Unlikely the traditional 
mathematic models and regression models by using both math and statistical knowledge, 
Machine learning performs high accurate results based on a mimic of human’s brain and 
large data experience analysis thinking by computer. Using machine learning model for 
crash severity prediction and crash frequency prediction is a new thought for majority 
existing machine learning models using for crash prediction are supervised model or with 
low accuracy. This paper will use unsupervised model – LSTM to achieve “global usage” 
through input whole Missouri data generated by rules and shows how sever the crash will 
occur under specific conditions, as well as predict crash frequency in coming years under 
different environment conditions. (Abstract in topic2)
 TOPIC 1: TMA (TRACK MOUNTED ATTENUATORS) 
INVOLVED WORK ZONES SAFETY ANALYSIS AND 
MODELING
1 
 
 
1. CHAPTER 1 INTRODUCTION 
    Road maintenance safety is an important component of an overall transportation safety 
program. This thesis focused on two forms of work zones: Stationary Work Zones and 
Mobile Work Zones. Examples of mobile work zones include striping, sweeping, pothole 
filling, shoulder repair, mowing, and other maintenance activities.  
   A Truck Mounted Attenuator (TMA) is a device located in a work zone intended to 
reduce the damage from a crash and at the same time protect the workers. Guidance for 
the use of TMA in work zones is provided in the Manual on Uniform Traffic Control 
Devices (MUTCD).  
Based on the significance of TMA in the work zone area, many scholars focused on TMA 
devices to reduce the consequences of driver negligence while approaching a work zone 
area. However, none of the existing traffic analysis considered fusing DOT TMA claim 
reports with police crash reports, especially for Mobile Work Zone incidents. 
     Through the past five years (2012-2017), 141 TMA-involved crashes happened in 
Missouri, including 1 fatality. Considering the frequency of TMA deployment, this 
accident rate is relatively high, and the reason is uncertain. A reason for the uncertainty 
might be because some information in a report was not utilized. Also, small sample size 
is always a big obstacle for finding trends in data. For example, despite the use of signs, 
arrow boards and shadow vehicles, all used for providing advanced warning, driver 
inattention is still the main factor leading to the TMA-related crashes. So, detailed 
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accident analysis is necessary to figure out the main correlating factors so as to improve 
TMA operating procedures.  
     The objective of this thesis is to perform descriptive statistics to obtain a macro view 
of TMA-involved crashes and consider possible countermeasures. Original crash reports 
and claim reports were both used for obtaining information, including persons’ 
statements. Hence, a new perspective of TMA-involved crashes emerged. In addition, 
several variables were evaluated based on existing work zone crash prediction models. 
Such models can be used to evaluate work zone safety level and prevent potential crashes 
through countermeasure implementation.  
 
1.1. Necessity of this research  
    Existing research acquired information from police crash reports. Although crash 
report reflect useful information to some extent, the limitations of the information are 
also many. Therefore, this paper tried use both crash reports and claim reports for TMA 
accident analysis.  
    The necessity of adding claim report information can be summarized as follows. First 
of all, crash report and claim report are different in nature. When an accident happens, 
MODOT and police officer will judge it from different aspects and publish crash report 
and claim report separately. The perspective and focus are the biggest differences 
between the two reports. This means a more comprehensive perspective can be obtained 
if they are used together. Secondly, a claim report can be used to confirm the crash 
report, supplementing missing information in crash report. Thirdly, the use of two reports 
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can be helpful to fully understand the entire work zone area, not just the TMA vehicle 
involved in the collision.  Especially for mobile work zones (MWZs), each TMA is 
working in a cooperative fashion to ensure the security of the whole MWZ. The overall 
view provided by the two parties' data can help improve the security of the entire work 
zone area and enable them to find more fundamental problems in general. 
    Last but not the least. Crash reports are sometimes not filed, which caused huge sparse 
data sample influence analysis accuracy. Improved using both crash report and claim 
report can improve data usage to a certain extent. 
 
1.2. Literature review 
    Work zone safety is considered an issue of high importance in safety improvement. 
Some literature provides information on different aspects of crashes in work zones. With 
respect to crash severity, although some inconsistent opinions appear, still many scholars 
think work zone will not impact crash severity. Wang et al. (1996) indicate injury crashes 
in none-work zones are less severe than in work zones. However, Khattak et al. (2002) 
indicate an opposite finding. Ha and Nemeth (1995) found there is insufficient evidence 
showing work zone accident was more severe than all other accidents. Yang et al. (2015) 
showed that 48% of previous studies cannot indicate an increasing trend of crash severity.  
    Unlike crash severity, several articles concluded that crash frequencies increase in 
work zones. Pal and Sinha (1996) conducted a study on Indiana highway work zones and 
found crash rates in work zones were significantly higher than non-work zone conditions. 
Khattak et al. (2002) produced different crash rates of 0.65 crashes per million vehicle 
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kilometers without work zone and 0.79 crashes with work zones. A higher crash tendency 
for work zone was also born out based on their modeling result. Although the reasons for 
this increase were various, the authors mentioned the general disruption of traffic due to 
closed lanes, improper lane merging and inappropriate use of control devices as 
important factors (Venugopal and Tarko 2000).  
    Based on the features of work zone crashes, many scholars concentrate on work zone-
involved crash frequency modeling. Venugopal and Tarko (2000) used AADT and work 
zone length as two main variables to build predicting models. They also separated two 
situations which are the region approaching the work zone and the region containing the 
work zone for the model calibration. Khattak et al. (2002) developed a negative binomial 
model comparing work zone data and without work zone data (data selected after the 
work zone construction). Their findings revealed that higher AADT, longer work zone 
duration, and work zone length causes a higher crash rate. Similarity, Ozurk et al. (2013) 
used 2004–2010 crash data in work zones in New Jersey and developed a negative 
binomial-based model with consideration of daytime and nighttime traffic volumes 
differences, also found “work zone duration”, “length of work zone” and “traffic 
volumes” most influence work zone safety. A more detailed analysis was done by 
Theofilatos et al. (2017), using meta-analysis focused on work zone duration and length 
as two main factors. This research quantified the average coefficients of length and 
duration which are 0.953 and 0.847 separately.  
    In order to achieve the integrity of the experiment, several studies considered zero-
crash work zones while building the model. Zero-inflated negative binomial models were 
being widely used in this situation as this allows for frequent zero-valued observations. 
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Qi et al. (2005) built a zero-inflated negative binomial model focus on work zone-
involved rear-end crashes to examine the effect of various factors. Lord et al. (2005) 
compared zero-inflated negative binomial models with negative binomial models with 
crash data and showed a more persuasive result. 
    Through all the work zone related studies, the majority of them focuses on accident 
prediction: to figure out the most influencing factors to improve work zone safety level. 
However, seldom did they concentrate on work zone facility/control devices 
improvement, especially truck-mounted attenuators (TMA) usage. Several studies 
showed the benefits of traffic control devices that it can reduce crash frequency. Through 
the feedback of the first-generation TMAs, Humphreys (1991) saw an extensive 
improvement on highway safety. Another research study by Garber and Srinivasan 
(1998) found “changeable message signs with radar could reduce the possibility of 
speeding at work zones, thus reduce the crash rate and severity.” Smith et al. (2006) 
found that an advanced warning system of TMA resulted in around 27.7% fewer drivers 
under day condition and 15.4% fewer drivers under night conditions reacting in the last 
300 meters. They also discussed the physics of evenly and gradually dissipate the kinetic 
energy of an impacting vehicle. Some related analysis of the TMA mechanical structure 
is omitted here as it is out of the scope of this thesis.  
    The usage of TMAs in a mobile work zone is quite different from static use. This 
thesis will consider mobile work zones and static work zones separately. As Ha and 
Nemeth (1995) mentioned, “statistical analysis of statewide aggregate data often failed to 
identify cause-and-effect relationships between accident characteristics and traffic 
control.” 
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2. CHAPTER 2 RESEARCH STRUCTURE AND PROCESS 
2.1. General research structure 
   The main contents and work process of this research are as follows: 
• Clarify the definition of mobile work zones (MWZs) and stationary work 
zones (SWZs) 
    Because of the differences in understanding mobile work zones and stationary work 
zones, based on the necessity of this project, a clear definition and interpretation of the 
concepts of MWZs and SWZs is made. This is to provide a clearer division of TMA-
related accident data, not only improve public awareness of the corresponding coping 
vigilance, but also lay a foundation for the subsequent study of this entire thesis.  
 
• Scientific classification and data integration 
    Since the research of this project uses data from both police and transportation 
departments, the amount of raw data is very large, including the TMA-involved accident 
data provided by the Missouri Department of Transportation (MODOT) from 2012-2017 
and mobile work zones (MWZs) working schedule for the two years of 2015 and 2016. In 
this study, more than 10,000 data were processed and screened one by one (although 
crash data only has fewer than 200 recorded).  
     For TMA-related crash data, both claim reports and crash reports have been used in 
this research. These two reports are interrelated, though containing differences, and are 
complementarity. In order for data to be fully utilized, these large amounts of data were 
processed. The necessary technical processing and integration of some non-standard data 
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were carried out. According to the location of the lane where the accident occurred, and 
the location of TMA vehicle impact point, classification and match analysis were made 
separately. 
     In TMA mobile work zones working schedule data, the information only shows 
schedule information based on schedule frequencies: TMA-group working beginning 
date and end dates. For easy of matching these part data with crash data, changing these 
working schedule data units into days would be more useful. A python code, a simple 
program, implemented a function to provide the number of days and date related 
information as needed. Hence, this schedule information can be thoroughly used for 
helping crash data quantitative analysis.  
 
• TMA crash factors analysis 
     On the basis of completing the classification and integration of the basic data, the 
content of the accident information report generated by TMA was analyzed. Data from 
both claim report and crash report were classified and divided into different work zone 
types according to the time (month, week, hour) and location (area, lane, speed limit). 
Through a comprehensive and systematic study of related accidents, the main 
characteristics and related research results of TMA work in various situations were 
formed. 
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• Questions and suggestions  
According to the analysis of the main characteristics of TMA-related accidents, the main 
contributory problems were analyzed, and the improvement measures and suggestions for 
improving the work of TMA were put forward. At the same time, combined with the 
problems and limitations of the research process, further research directions are proposed, 
as well as future research topics. 
 
2.2.Research framework  
     Generally speaking, the research process can be summarized as follows. First, study 
the concept of MWZs and SWZs, and clarify the research direction and goals.  
Secondly, on the basis of the two types of work zones, according to the relevant data 
reported by crash report and claim report, the basic data was sorted, classified and 
integrated, which laid a solid foundation for this research.  
    Then, based on the research of basic data classification and integration, the 
classification of accident occurrence characteristics was performed. After that, the 
characteristics of the accident were analyzed. In this process, the analysis method was 
based on the comparison of the TMAs working schedules and the accident occurred 
situations. Data was separated data based on MWZs and SWZs, also by highways and 
arterials. Based on the data limitations, the more comprehensive analysis focused on 
MWZs and highways. 
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     Data were analyzed according to two types of distributions: time, space. In order to 
strengthen the depth of research, the analysis in time distribution was subdivided into 
months, weeks, and hours. Similarly, space was divided into regions, lanes, and speed 
limit segments. Finally, on the basis of the accident characteristics, some related research 
results and main conclusions were obtained through summarization and refinement, and 
the improvement experience of TMA work and the next research topic were put forward. 
 
10 
 
     The specific research framework and ideas are detailed in as followed in Figure 2-1. 
 
 
Figure 2-1 Research progress framework 
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2.3. Key research section and reasons 
    This research was limited to MWZs and highway area situations, because other cases 
of TMA crashes were too few. Through the available data in this research, all recorded 
data in 2012 to 2017 were analyzed. There was a total of 139 TMA crashes, and 117 
crashes occurred under mobile work zones (MWZs) (84.2%) and only 22 crashes 
happened in stationary work zones (SWZs) (16%).  
     Another reason was the distribution of roads in which accidents occurred in different 
forms. Within the 117 crashes under MWZs condition, 91 of them occurred on freeway 
areas (78%), only 26 occurred on arterial roads (22%). From TMA MWZs work 
schedules from 2015 to 2016, the total working days were 17498; 17334 days occurred 
on freeways (99.1%), only 164 TMA MWZs working schedule days were on arterials 
(<1%). 
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3. CHAPTER 3 CONCEPTUAL RESEARCH  
3.1. Definition and interpretation about MWZs and SWZs 
     Looking at the accident rate in the United States in recent years, the importance of 
work zones safety is obvious through a series of data. In addition to connectivity and 
efficiency, safety is an important factor of any road network. According to FHWA (2009 
b) during the peak construction season, there are more than 3000 work zones with almost 
12 billion vehicle miles passing through them in the United States. More than 40,000 
injuries happen at work-zones which is equivalent to an injury each 13 minutes (FHWA, 
2009 b).  
     Work zone is an area of roadway with construction, maintenance, or utility work 
activities (FHWA, 2009). Based on different situations, DOTs can decide which kind of 
work zones can best fit the roadway working type.  
     Mobile work zones (MWZs) means a work zone does not have any advanced signs, 
but has several TMAs, and a travel speed under 15 miles per hour. The existence of 
TMAs is for protecting working vehicles and also to compensate for the lack of advanced 
warning signals.  
Different from MWZs, Stationary Work Zones (SWZs) can clearly be distinguished by 
several advanced signs. Advanced warnings are shown 1000 to 2000 km earlier.  
     Because of the different attributes between MWZs and SWZs, the safety analysis 
should be done specific to each type. All the following crash data were separated based 
on the two work zone types as mentioned. Due to the complexity of MWZs, this paper 
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will mainly discuss the improvement of MWZs’ safety. A brief comparison to SWZs was 
made.    
 
3.2. TMA general working mode diagrams 
    Work zones include many components that increase the crash occurrence risk, such as 
lane closures, lane width reductions, changes in road geometry, and the presence of 
construction workers. In order to improve work zone safety level and make up work 
zones influences to the road and public, the analysis of TMAs cannot be neglected. For 
more specific analysis of work zones, we put a diagram of both work zones and did a 
simple introduction.  
3.2.1.  Under MWZs condition  
    Three types of mobile operations were provided by the manual on urban traffic control 
devices (MUTCD) (FHWA 2009a) as typical applications (TAs), which are mobile 
operations on shoulder, mobile operations on a two-lane road, and mobile operations on a 
multi-lane road. Among these three TAs, multi-lane operations are the most common 
situations and can generally through this type refer the other two. We will describe this 
situation and show how TMA-group works. Figure 3-1 shows the MUTCD TA for multi-
lane road. Several alerts have also been used for alerting the public about the presence of 
MWZs, for example TMA vehicles were all equipped with arrow boards, signs and 
amber lights as moving alerts. Also TMA itself can help mitigate collision effects as it is 
the essential cause of existence. Looking at each TMA alone we will find that they all 
have relatively comprehensive warning systems and can properly protect work zones. In 
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order to better collaborate work, the following specifically describes how to arrange 
TMAs for mobile work zones protection. 
    The composition and working mode of Mobile work zones varies by different types of 
work and different road conditions. There is no fixed composition for MWZs. In the 
following, according to the specification map provided by MODOT (See Figure 3-1), it 
describes the most common one. 
    Generally, MWZs consist of working vehicle, middle warning TMA, optional warning 
TMA, rear advanced TMA and shoulder TMA. Each TMA vehicles driving under 20 
miles per hour speed following the working vehicle and the distance between each two 
TMA vehicles should be kept at around 150 meters. More MWZs related working rules 
can be seen in Table 3-1, those 8 items summarized several MUTCD main standards and 
provided recommendations for MWZs: 
Table 3-1 MUTCD main standards and recommendations 
Items Main standards 
1 
If stationary signs are placed in advance of the work zone, the distance between the 
advance warning sign and work area should be less than 5 miles. 
2 
Flashing or strobe lights must be used on shadow and work vehicles. Shadow and work 
vehicles must not utilize hazard warning signals in lieu of strobe lights. 
3 Caution mode must be implemented for arrow boards when arrow boards are used. 
4 Vehicle-mounted signs must be visible to drivers traveling through the work zone. 
5 TMAs may be used on the work vehicle or shadow vehicle. 
6 The shadow vehicle should slow down in areas where sight distance is limited. 
7 For mobile work zones on a two-lane road, the work and shadow vehicles should 
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occasionally pull to the side of the road to permit vehicles to pass. 
8 
For mobile work zones on a multi-lane highway, arrow boards must be used for lane 
closures. 
 
    As mentioned before, MWZs are generally the under moving statues while working, 
and also shows that MWZs rarely have advanced warning signs used to aware the public 
(this is based on the rule of MUTCD main standards, see Table 3-1). So, all TMAs here 
are used for protecting the whole working space and especially the working vehicle, 
which also shows in some specific case or special working types, as part of TMAs that 
can be omitted. Then separately we could perform further analysis for each TMA.  
    Working vehicle (the following picture used striper stands for striping work simply as 
an example) is the core of the mobile work zones, responsible for completing the road 
maintenance work. Working vehicle can perform various tasks for various road 
necessities. Also, it is allowed in hanging up a TMA behind working vehicle when 
MWZs working at one-lane arterials or other kind of minor roads with minor AADT, can 
achieve self-protection and save the redundant use of other TMAs.  
    Middle warning TMA is the first TMA driving after the working vehicle and is 
usually located in the middle of whole MWZs working group (including working 
vehicle). The main intention of Middle warning TMA is at directly performing the 
warning function.  
    Optional warning TMA is the least used TMA throughout the whole TMAs in 
MWZs. Through the crash data described by supervisors and third-parties’ statements, it 
is seldom seen that MWZs described the existence of using this TMA, just for general 
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introduction purposes. The main function of optional warning TMA is at enforcing the 
function of middle warning TMA and extending the length of MWZs to give the third 
party, a higher reaction time.  
    Rear Advanced TMA is the last TMA driving on the main road, it is the TMA most 
vulnerable to being hit and has a higher possibility of a crash. In some transportation 
departments, rear advance TMA is also called as hot-seat because of the high danger 
levels of it. Because previous TMAs can be omitted based on needs, it is hard to say 
which TMA is rear advanced TMA. 
    Shoulder TMA is also called shadow TMA in some places. Shoulder TMA followed 
previous TMAs by driving on shoulder lane. This design has subtly expanded the visual 
range of the overall TMA-group. Since occlusion is a big issue for TMAs and everything 
is in motion for MWZs, widening the MWZs working area laterally can greatly reduce 
the occurrence of accidents while optimizing visibility, thus making up for the large 
number of rear advanced TMA accidents caused by occlusion issues. Furthermore, 
Shoulder TMA can expand MWZs’ public advanced reminder distance and at the same 
time lower the influence of WZs road encroachment, thus reducing the impact on third 
party. 
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Figure 3-1mobile work zone working schematic diagram (striping) 
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3.2.2. Under SWZs condition 
    Unlike MWZ, SWZ is a more traditional way for road maintenance, which consists of 
five parts: advance warning area, transition area, buffer area, activity area, and 
termination area (FHWA, 2009a). Detailed introduction about these five areas are 
omitted here as they do not have a close relationship with TMAs. With the help of cones 
and stable signs within the SWZs, TMA are not very important components in SWZs, 
sometimes only one TMA would be enough for warning usage. It is also worthy of 
notice, since the idea of involving TMA into SWZs, the workers injury rate has a big 
drop. SWZs wisely used attenuators to reduce the collision force, and ambers, arrow bars. 
Likewise, signs on TMA can also enforce the warning for whole work zones. Except that, 
TMA can also solve the transit problem while beginning and finishing a SWZs work. See 
Figure 3-2. 
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Figure 3-2 Stationary work zone working schematic diagram 
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4. CHAPTER 4 GENERAL DATA DESCRIPTION   
4.1. Data Collection  
4.1.1. Source of data  
    In this study, traffic data were all provided from Missouri Department of 
Transportation (MODOT). Data used in this research are coming from four parts, TMA 
related crash data in Missouri through 2012 to 2017; TMA working schedules for Mobile 
work zones in year 2015 and 2016; total crash data in Missouri through 2012 to 2017; 
total pavement information in Missouri. Among them only the first two parts were 
emphasized on use. The following is a general introduction to the data of these four parts. 
The detailed information of these four related files mentioned above are briefly explained 
as follows:  
a. TMA crashes in Missouri files contain two main categories: crash report and 
claim report. Crash report and claim report are both been used for acquiring more 
complete information. In the past 6 years, TMA involved crashes comprise of a 
total of 139. All these crashes were recorded in two different reports in different 
sights. Claim report is provided by police and crash report is recorded by the 
Department of Transportation, by using tables and paragraph forms. It is 
described how crash happened and other related factors and attributes during the 
crash that occurred. TMA MWZs working schedule data also provided by 
MODOT, shows detailed record of each work including work start time and end 
time, working line, type of work and so forth. All those data will be used as 
benchmarks and for figuring out the real important factors in crash data. Thus, 
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this chapter will describe the crash data in macro perspective. Looking at the 
general trend and composition of these 139 accidents. 
b. TMA MWZ working schedule file shows detailed working schedules through 
2015 to 2016 in Mobile work zones. Total working schedules are recorded as 
4362 times, after a calculation by using python codes, the total schedules can also 
be counted as 17,334 days. More detailed information about different types of 
work were also recorded. 
c. The MODOT pavement information file contains information such as county 
code, route type, latitude, longitude, road type, volume, AADT, etc. there is a 
KEY variable column existing for a link connecting pavement information with 
other files.   
d. The total crashes in Missouri records file contains detailed crash information 
after sorting out. All the features shown in the Excel file only described crash 
related information. There is a variable called KEY, which is a link that relates 
record with pavement files, which can be easily find volume or road related 
information and good for matching use. 
4.1.2.    TMA crash data general description 
       Because crash data took place over six years, a trend of these 6 years crash 
frequencies is important to figure out. This would be useful for working on crash 
reduction and further frequency predictions. General distribution of all accidents through 
2012 to 2017 is as followed. See Figure 4-1. 
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Figure 4-1 TMA crash distribution through 2012 to 2017 
 
    Through these 6 years, recorded TMA related crash presents a fluctuated trend. For 
easy observation, we used moving average regression line (period equals 2) showing the 
general trend. Although through the general trend, the number of accidents appear 
decreasing, the larger wave dynamic potential do not tend to go smoothly, which means 
there would still be some uncertainty in the predictions for the next few years.  
    This paper attempts to identify the main inducing factors through the analysis of the 
accident. Based on this, some adjustments and changes in the work zones were carried 
out to improve the overall safety and reduce the accident rate. 
     In order to further improvise and accurately analyze the causal relationship between 
crash and various indicators, we simply separate mobile work zone crashes and stationary 
work zone crashes as two different categories before performing any analysis. Total 
crashes in MWZs is 117; 16 of them were at stop statues, which can do a simple 
comparison with SWZ crashes; 4 of them were missing both reports. Considering the full 
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usage of data and when sparse data exists due to incomplete records, we still try to 
maximize the usage of all the available data and calculate categories of percentage 
without empty data. So, during the analysis of different categories, the sample size for 
each sub-category may be different, and there will be comments below the respective 
tables to explain the amount of blank data and indicate specific reasons. In SWZs, only 
22 crashes have been reported so far and 18 of them were caused by third parties and just 
2 were because of employee action. This research will abbreviate the part about SWZs 
because the sample size of data is small and there is no supporting data like work 
schedules in the existing MWZs. Likewise, accident composition can be seen in Table 4-
1. 
Table 4-1 Accident composition 
 Number of crashes 
(At stop statues) 
Third Party 
Action 
Employee 
Action 
Equip 
Failure 
Other 
# of crashes in MWZs 
(Proportion%)  
117 (16)  111(94.9%) 6 (5.1%) 0 (0%) 0 (0%) 
# of crashes in SWZs 
(Proportion %) 
22 18 (81.8%) 2 (9.1%) 0 (0%) 2 (9.1%) 
Total # of crashes 
(Proportion %)   
139 129 (92.8%) 8 (5.8%) 0 (0%) 2 (1.4%) 
 
Third party action is the main cause of TMA-related crash in both MWZs and SWZs as 
they occupy 92.8% of the total crash. Although employee action only occupied 5.8% of 
the overall crash, those 6 crashes were still quite valuable for employee training and 
operation normalization improvement. Worthy of notice, none of the crashes happened 
because of equipment failure and also shows TMAs’ high stability. 
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4.2. Crashes Grouping Picture  
    For a clearer picture, above 139 crashes were summarized and grouped in several crash 
categories separated by freeway and arterials, shown as followed pictures (Figure 4-2 to 
Figure 4-5). Before grouping, a total of 139 crashes, all crashes happening at the line 
which TMA is located or driving at (which means all statistics can be simply summarized 
as TMAs’ “working lines”).   
    In mobile work zones, two pictures have been used, under freeway conditions and 
under arterial conditions, to describe MWZs involved crashes. There were a total of 117 
crashes, 91 of them happened in freeways and 26 of them happened in arterial. We 
grouped 91 freeway crashes in total 10 groups based on different lanes and collision 
locations (shows in Table 4-2). And also according to the crash because of the TMA-
vehicle-groups’ characteristic, which TMA was hit was also classified clearly. Those can 
be seen in secondary tables. 
    Group1, 2 and 3 all indicate crashes occurred in left lane. In these three groups’ 
situations, while TMA is existing in left lane, third party cars can only merge and step 
aside through the right side. Also based on the Vehicle Damage Initial Impact No. in 
crash report, TMA always reports being damaged in three general parts: rear end, left side 
and right side (The specific location is shown in Figure 4-2). Extended to TMA situation, 
detailed relationship between impact number and TMAs can be seen in Figure 4-3. Here, 
we define the Rear End as those with impact numbers 2, 1 or 14; for Left Side with 
impact number 3 or 4; and for Right side with impact number 12 or 13.  
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Figure 4-2 Vehicle Damage Initial Impact Number Schematic (same in crash report) 
 
 
 
Figure 4-3 Vehicle Damage Initial Impact Number on TMA 
 
    Group1 indicates crash occurred in left lane and TMA was hit at rear end; group2 
indicates crash happened in left lane where TMA was hit on the left side; and group3 
indicates crash observed in right lane with TMA being hit on the right side.  
    Groups 4, 5 and 6 described crashes occurred in middle lines, concluding 3-lane, 4-
lane and multiple lanes situations. These three groups all have two commonalities, first, 
TMA working group doesn’t have shoulder TMA for extra protection; second, all 
vehicles can merge through both side of TMA working group. Also same as first three 
groups, Vehicle Damage Initial Impact Number separate the crash categories in same 
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way. In order to summarize, we see group4 indicating crash happening on middle lanes 
and TMA was hit at rear end; group5 indicates crash happened in middle lane and TMA 
was hit on left side; and group6 indicates crash happened in middle lane and TMA was 
hit on the right side.   
    Group 7, 8, 9 shows crashes happened in right lanes. Different as previous groups, all 
TMAs working at right lane will adapt and use shoulder TMA. Although it seems only 
left side can be driven through, some road has shoulder and the width of shoulder can 
also cause driver merge through the right side. Thus, group7 shows crash occurring on 
the right lane and TMA was seen to hit the rear end. Group8 shows crash observed on 
right lane and TMA was hit from the left side whereas group9 shows crash occurring on 
the right lane and TMA was hit on the right side.   
   All grouping logic can be summarized in following Figure 4-4.  
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Figure 4-4 grouped MWZ crashes 
 
Based on previous grouping description, Figure 4-5 and Table 4-2-5 is followed: 
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Figure 4-5 grouped MWZ crashes in freeway area 
 
    From Figure 4-5, five groups can clearly be seen. However, for group integrity and as 
grouping system can better adapt to more collision situation, Table 4-2 shows a complete 
description of the details of those groups with matching crash frequencies. 
 
29 
 
Table 4-2 Freeway MWZs crashes grouping details 
 
Left lane Middle lane Right lane 
Special situations 
(unsure about 
which lane) 
SUM 
Groups 
Group
1 
Group
2 
Group
3 
Group
4 
Group
5 
Group
6 
Group
7 
Group
8 
Group
9 
Group10 
/ characteristi
c 
Rear 
end 
Hit left 
Hit 
right 
Rear 
end 
Hit left 
Hit 
right 
Rear 
end 
Hit 
left 
Hit 
right 
Rear 
end 
Empty 
data 
Hit number 1,2,14 3,4 12,13 1,2,14 3,4 12,13 1,2,14 3,4 12,13 2 / 
Number of 
crashes 
35 0 1 22 0 0 24 5 0 1 3 
91 
Percentage 
(%) 
38.46 0.00 1.10 22.68 0.00 0.00 26.37 5.49 0.00 1.10 3.30 
100.0
0 
 
 
    Through Table 4-2 and Figure 4-5, three important findings can be summarized: First, 
it is obvious in freeway area, among left, middle and right lanes, more crashes occurred at 
left lane, right lane occupied the second place, and although the “middle lane” covers the 
most lanes, only 22 crashes were recorded. This means it is least prone to accidents 
compared to the left and right lanes. Second, through all lines and all groups, rear end 
occupied the largest percentage. While adding Group 1, Group 4 and Group 7, rear end 
crashes occupied around 90% freeway crashes among the total. Thirdly, except for the 
rear end crashes, TMA’s right side are most easily hit while it is driving at left lane and 
vice versa.  
As mentioned, TMA in mobile work zones are not protecting working vehicle alone. 
There is a TMA working group which consists of three or four TMAs and they 
collaboratively protect the working vehicle. So, analysis with TMA that is most easily hit 
is important for mobile work zones work mode adjustment correction. For those groups 
with the most frequent accidents, we use secondary tables to indicate which TMA is more 
likely been hit. See Table 4-3, Table 4-4, Table 4-5, Table 4-6. 
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Table 4-3 Freeway MWZ secondary table GROUP 1 
GROUP Group1 
TOTAL CRASHES 35 
COMPONENT 
Working 
vehicle 
Middle warning 
TMA 
Rear Advanced 
TMA 
Shoulder TMA NA 
# OF CRASHES 0 6 21 0 8 
PERCENTAGE (%) 0.00 17.14 60.00 0.00 22.86 
PERCENTAGE 
WITHOUT N/A 
0.00 22.22 77.78 0.00 / 
 
Table 4-4 Freeway MWZ secondary table GROUP 4 
GROUP Group4 
TOTAL 
CRASHES 
22 
COMPONENT Working vehicle 
Middle warning 
TMA 
Rear Advanced 
TMA 
Shoulder TMA NA 
# OF CRASHES 1 1 13 0 7 
PERCENTAGE 
(%) 
4.55 4.55 59.09 0.00 31.81 
PERCENTAGE 
WITHOUT N/A 
6.67 6.67 86.67 0.00 / 
 
Table 4-5 Freeway MWZ secondary table GROUP 7 
GROUP Group7 
TOTAL 
CRASHES 
24 
COMPONENT Working vehicle 
Middle warning 
TMA 
Rear Advanced 
TMA 
Shoulder 
TMA 
NA 
# OF CRASHES 1 5 5 4 9 
PERCENTAGE 
(%) 
4.17 20.83 20.83 16.67 37.50 
PERCENTAGE 
WITHOUT N/A 
6.67 33.33 33.33 26.67 / 
 
Table 4-6 Freeway MWZ secondary table GROUP 8 
GROUP Group8 
TOTAL 
CRASHES 
5 
COMPONENT Working vehicle 
Middle warning 
TMA 
Rear Advanced 
TMA 
Shoulder TMA NA 
# OF CRASHES 0 0 4 1 0 
PERCENTAGE 
(%) 
0.00 0.00 80.00 20.00 0.00 
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    In Group 1 and Group 4, indicate all rear end crashes but are different in left lane and 
middle lane. The percentage of crash frequency among the three TMAs are quite similar. 
Rear Advanced TMAs are the ones which are most easily hit in both groups. And for the 
left lane, middle warning TMA still cannot be neglected as 22.22% crashes happen in 
Group A1 and are hit by middle warning TMAs. Although Group7 also described rear 
end crashes but in right lane, data showed the rate of three TMAs being hit to be equal 
without any significant difference.   
    Group 8 shows TMAs working on the right lane with third-party vehicles hitting TMA 
from the left side. Crash occurring in this group is not quite a lot but compared to other 
groups, this group is worthy enough to mention. Rear advanced TMA is still the one with 
the maximum occupying 80% in group8. The remaining 20% are coming from the 
shoulder TMA. 
    In order to improve the clarity of the graph, we use crossroads to show arterial 
situations. In arterial areas, grouping method is similar to those in freeway area. Previous 
nine groups keep the same, only the following groups made minor adjustments. Single 
lane has been separated into a new group as it only has rear end situation and third-party 
vehicles cannot merge through both sides. Which means this situation is impossible to 
occur as too many crashes occur. And also it is important to mention that they receive 
less impact from side lanes. However, through the Table 4-7, due to the terrain, curves or 
hills, accident rate of such accidents have not decreased. Figure 4-6 also separated 
drawing the “curve crash” and “straight crash” for easier understanding. 
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Figure 4-6 Grouped MWZ crashed in arterial area 
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Table 4-7 Arterial MWZs crashes grouping details 
 Left lane Middle lane Right lane Special situations SUM 
Groups 
Group
1 
Group 
2 
Group 
3 
Group
4 
Group 
5 
Group 
6 
Group 
7 
Group 
8 
Group 
9 
Group 
10 
Group 
11 
 characteristic 
Rear 
end 
Hit left 
Hit 
right 
Rear 
end 
Hit left 
Hit 
right 
Rear 
end 
Hit left Hit right 
Single 
lane 
Empty 
data 
Hit number 1,2,14 3,4 12,13 1,2,14 3,4 12,13 1,2,14 3,4 12,13 2 / 
Number of 
crashes 
5 0 0 2 0 1 8 0 0 7 3 26 
Percentage (%) 15.38 0.00 0.00 7.69 0.00 3.85 30.77 0.00 0.00 26.92 15.38 100.00 
 
 
Table 4-8 Arterial MWZ secondary Table GROUP 1 
GROUP Group1 
TOTAL CRASHES 5 
COMPONENT Working vehicle Middle warning TMA Rear Advanced TMA Shoulder TMA 
# OF CRASHES 0 2 3 0 
PERCENTAGE (%) 0.00 40.00 60.00 0.00 
 
 
Table 4-9 Arterial MWZ secondary Table GROUP 4 
GROUP Group4 
TOTAL CRASHES 2 
COMPONENT Working vehicle Middle warning TMA Rear Advanced TMA Shoulder TMA 
# OF CRASHES 0 0 2 0 
PERCENTAGE 
(%) 
0.00 0.00 100.00 0.00 
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Table 4-10 Arterial MWZ secondary Table GROUP 7 
GROUP Group7 
TOTAL CRASHES 8 
COMPONENT 
Working 
vehicle 
Middle warning TMA 
Rear Advanced 
TMA 
Shoulder TMA  NA 
# OF CRASHES 0 1 4 2 1 
PERCENTAGE 
(%) 
0.00 12.50 50.00 25.00 12.50 
 
 
Table 4-11 Arterial MWZ secondary Table GROUP 10 
GROUP Group10 
TOTAL CRASHES 7 
COMPONENT 
Working 
vehicle 
Middle warning TMA 
Rear Advanced 
TMA 
Shoulder 
TMA 
NA 
# OF CRASHES 0 1 4 0 2 
PERCENTAGE (%) 0.00 14.29 57.14 0.00 28.57 
 
 
Through Figure 4-6 and Table4-7 shows the crashes in arterial situations. Similar to 
freeway MWZ crashes, without thinking lanes, rear end also occupied the largest part 
among all categories.  
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5. CHAPTER 5 RESEARCH PROCESS  
5.1. Crash Severity Analysis  
    When talking about crash severity, majority of previous research studies have 
classified them into three categories such as fatal, injury and property damage only 
(PDO). This classification standard is widely used which can effectively show a basic 
severity understanding to the public. In this research, based on the traditional 
classification, we consider TMA-based feature and made more detailed categories by 
considering which part of the parties were fatal and which ones were injured. This move 
not only refines the classification of accidents on the surface, but also deepens the impact 
points of analysis and subsequent damage effects. 
    Total TMA-related crash severity grouping can be seen in Table 5-1. Here, most 
MWZs involved crashes resulted in minor consequences such as PDOs or injuries. From 
2011 to 2016 only one crash turned out to be fatal. Macroscopically, PDO crashes 
occupied 63.25%, which is the maximum among other categories. Injury crashes 
occupied the second place, which is 35.90%. In detailed crash severity groups, data 
shows third-party are more easily injured than MODOT workers, which has 26.50% 
among total crashes (Considering Only Third-party Injury and Both Injury together). This 
is inseparable from the training of workers' behavioral norms, this also leads to the fact 
that public awareness about TMA warnings and TMA group constitution need to be 
enhanced. Both Injury group can be seen as a symbol for relatively severe crashes among 
all Injury crashes, which occupied 10.26%.  
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    In TMA related crashes, the existing of attenuator usually locates behind working 
vehicles or the end of whole work zones (mainly for SWZs) and are intended to protect 
the work zone and the working crews. Also, at the same time, they reduce the impact to 
third party vehicles. So separately we consider if the injured people belong to MODOT or 
Third-party and that will clearly point out the defect of TMA from the data level. Hence, 
it is more beneficial to the improvement of the TMA protection.  
Table 5-1 TMA-related crashes by crash severity classification 
Crash 
Severity 
Detailed Crash Severity Frequency 
Percentage 
(%) 
Total 
Frequency 
Total 
Percentage (%) 
PDO 74 63.25 74 63.25 
Total 
Injury 
Only MODOT Worker 11 9.4 
42 35.9 Only Third-Party Injury 19 16.24 
Both Injury 12 10.26 
Fatality 
MODOT Worker Fatality 0 0 
1 0.85 
Third Party Fatality 1 0.85 
Total 117 100 117 100 
 
 
5.2. Crash Causations Analysis 
• Third party Causation:  
    While browsing through previous related research, we find Sandy and Zhu (2016) 
conducted a simple statistical classification for the cause of collisions, in which they 
summarized distracted driving, late merging, speeding, others and the ones that remain 
unreported as the total five categories. According to the description from parties and 
supervisors, the ones mainly described in claim report, more detailed causations can be 
found in the data. For example, inattentiveness and distraction belong to distracted 
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driving. However, the slight difference would be a key for figuring out preventions. 
Inattentive focus and not paying fully attention, which might be because of fatigue or 
drugs in driver aspect, also lead employees to consider facility warning function to 
weaken resulting. Distraction is described as drivers doing something else while driving, 
which led MODOT to focus more on improving public driving education. Hence, all the 
known accident causes were summed up in seven main categories. See Table 5-2 and 
Figure 5-1. Considering some accidents that were not only caused by single factor, 
the following table were used for describing causation frequencies instead of crash 
frequencies. 
Table 5-2 Crash frequency distributes by different types of causations 
TYPE OF CAUSATIONS CRASH FREQUENCY PERCENTAGE (%) 
Speeding or Too Fast in Condition 6 4.92 
Merge 19 15.57 
Too close to the TMA (at curve or hills) 13(3) 10.66 
Inattentive (Fatigue) 45 36.89 
Distraction 4 3.28 
Blocking 2 1.64 
N/A 33 27.05 
 
 
Figure 5-1 Crash frequency distributes by different types of causations 
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    Through the table, inattentiveness is the most significant factor for causing accident, 
which occupied 36.89% of the total. When individual analysis was based on personal 
statements listed on a claim report, a more specific result can be obtained. Among the 45 
inattentive crashes, 2 of them were admitted by third party driver as fatigue drive; 2 
crashes were caused by third party uncertainty with TMA composition, for they 
mentioned “the second TMA was unexpected shown in sight”; all the rest of them just 
belonged to simply being inattentive. Similar with inattentiveness, distraction category’s 
more emphasis was on what else the driver does while driving. Interestingly, in the only 
four crash samples, 100% of drivers admitted they were making a phone call while crash 
happened. This also confirms the consistent slogan MODOT used “buckle up, phone 
down” and that it is very important and in line with the Missouri State’s current situation. 
    Speeding, merge and too close to the TMA were listed as three categories in Table 5-
2, which occupied 4.92%, 15.57% and 10.66% separately. These three types of accidents 
have great similarities, as they all exist due to aggressive driving factors. The reason they 
are separated here is mainly because the inducing factors behind them are quite different. 
TMA travelling speed, local speed limit, and volume can all exist as drivers’ speeding 
cause factors. In this regard, there is a more in-depth discussion in the speed section. 
MWZs’ TMA caused merge is more complex than merge in the usual sense, and 
becoming an inevitable major factor leading to accidents. As mentioned, in MWZs TMAs 
should be consisting in the required order with only slight adjustment being approved in 
different situations. Therefore, public awareness is particularly important. When a driver 
wants to overtake MWZs, he needs to know that working vehicle is followed by a “TMA 
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car group” instead of a single TMA, and it is dangerous and inappropriate to merge in 
this “TMA car group” rashly. In too close to the TMA category, total 13 crashes were 
recorded, 3 crashes were highlighted in brackets for those crashes involved TMA were 
located on hills or in the middle of curves. Although these crashes were caused due to the 
terrain, it is still partly due to the fault of the third party and the method of avoiding it, is 
more thought-provoking. Multi-sensory warning, work zone approaching application 
warning can all effectively help in avoiding the probability of such accidents. 
    Occlusion has been considered by many transportation safety experts as an important 
TMA accident factor. Such conjectures are due to the large proportion of trucks involved 
accident among ordinary traffic accidents. However, from the Missouri State’s 6 years of 
TMA crashes, TMAs’ heavy volume leads visual obscuration factors by occupying only 
1.64% of the total. Reasons can be inducted as: first, the composition of the TMA car 
array enhances public’s early prediction; second, TMA’s driving speed is much different 
than the flow speed, which improves public awareness. A more detailed analysis is given 
in the following speed and TMA section. 
    Except for all the recorded causations and those causations can be inferred though 
personal statements, there are still 27.05% crashes that don’t quite have a clear record or 
either have missing reports.  
• Employee Action Causation:  
    Although only 5.1% (i.e. 6 crashes) are due to employee action, they are still quite 
valuable for employee training and operation normalization improvement. Among these 6 
crashes, only 4 of them have detailed description, others were all considered as loose 
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information. Two of them were described by third party as they were inattentive or did 
not see the TMA at that moment. In one of these two crash reports, a more direct inducer 
can be inferred through supervisors’ statements. They found TMA staff mistakenly used 
composition of TMAs as they did not put the last TMA on the shoulder to give a lane-
drop-look as normalized but instead used two rocker TMAs.  
    One of them happened because the employee was doing his job as instructed but didn’t 
have enough clearance with the low hanging TV cable line. Another crash happened 
because the employee didn’t obey the operating procedure, which was to request the 
TMA driver to be seated until the attenuator box was raised. While the employee had 
trouble with getting the attenuator box up, he attempted to make a right turn at the 
intersection, which caused rear end crash.  
    Those employee action caused crashes showed a commonality that they all violated the 
operation regulatory requirements to a certain extent. Consequent thinking can be 
summarized in two major aspects. First, strengthen employee training. Strengthen the 
combination of training and practice, as well as response to various emergencies. Second, 
repeatedly consider the unreasonable factors in the operating procedures and improve 
them. Procedures can be advantageously adjusted through different accident 
characteristics. 
• Solutions: 
    Read supervisors’ suggestions written in claim report: 90% of supervisors’ 
suggestions only described those crashes by saying “Everything was done properly, no 
rules were violated (Third party's responsibility)” or “Employee was doing his assigned 
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job duty, no fault.”, without saying anything about how to avoid it in the future.  Only 
10% of supervisors’ suggestions can be recognized as valuable information for TMA 
safety improvement. It can be summarized as follows:  
    In mobile work zones, supervisors suggested solutions can be summarized in two 
main groups, one is based on the existing TMA's specification guidelines, workers 
weaken training caused crash. This group mentioned several rules where workers were 
neglected or did not properly complete. The other group is through supervisors’ point of 
view, describing how those existing rules can be consummated and maybe to add some 
items to supplement defects.  
    First discuss how lack of training caused TMA-crash. Except several of them only 
wrote “lack of training”, one supervisor mentioned a situation as when TMAs working on 
the hills or big curves, driver need to pay more attention with the “TMA following 
distance”. Unlikely with normal situations, curve and hills will make the experience to be 
of high occlusion with the existence of previous vehicles and their influence on driver 
reaction time. Especially in TMA-group existing situations, TMAs interact with each 
other, even if one of them drive too close or too far away with the previous one, it will 
influence the whole group. So, based on observed crash, we need to enhance the TMA 
driving distance notice level as it is very important in safety improvement. Another 
suggested solution was made for a situation that a worker having trouble getting the TMA 
box up, chooses to neglect this trouble and keeps on driving. Supervisor suggested while 
meeting any kind of troubles like this, sitting still with lights on until all problems are 
clear to be the best option.  
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    New suggested rules are also important as those practical experiences can be used to 
avoid future accidents to happen. A discussion about gain speed for avoiding collision is 
wise or not came out based on two conditions that is made while TMA drivers noticed a 
third-party vehicle coming close without speeding down. One kind of worker will choose 
to speed up and this reaction can reduce the relative speed between the TMA and the 
third-party vehicle. The other kind of worker will be subconscious and will hit the break-
pedals to try to stable the TMA vehicle and maximum the use of Attenuator to absorb 
force impact from the collision. Based on all recorded crashes, there is not a conclusion 
talking about which method is better for reducing the inevitable crash influence. 
Therefore, further discussion needs to be made.  
In stationary work zones, majority of time one TMA would be enough for whole 
work zone. The biggest issue for SWZs is similar with previous discussion about whether 
the TMA remains stable or speed up during the dangerous moment.  
 
5.3. MWZs’ Crash Features in freeway  
Over the years, many studies have been conducted to analyze factors affecting crash 
frequency and/or crash severities in different situations. As introduced in front, this 
research aims at analyzing some main features in TMA related crashes (Mainly consider 
Mobile work zones situation and freeway area).  
This section will select several possible influencing factors of the TMA related MWZs 
accidents through claim report and crash report. Those factors will be picked from two 
aspects, time distribution aspect and spatial distribution aspect. With the help of TMAs’ 
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working schedules in MWZs, the analysis became more convincing and easier to figure 
out the influence level. After that, we also analyzed the possible reasons why some 
factors are more or less likely to occur a crash.  
5.3.1. Time distribution (MWZ freeway) 
Affected by climate, people's living patterns, different locations and factors so forth, 
the characteristics of traffic accidents on the road varies from year, month, weekdays, and 
hours. Once mastered the monthly, daily, and weekly distribution of traffic accident 
characteristics in a certain area, different management, engineering measures can be 
taken. This also means that in different time periods, occurrence of traffic accidents can 
be reduced. Similar to TMA-related crashes, time related distributions are quite valuable 
through following analysis.  
This part re-summarized those crashes based on month, day of the week and time. For 
more convincing result, data is also grouped by freeways and arterials. At the same time, 
with the analysis of each factor, it also corresponds to the use of TMA's working 
schedule data. 
    5.3.1.1. Month  
The year related TMA-crash distribution has been talked before in data’s general 
description part. Here we discuss how crash distribution varies based on months. Month 
is easily been neglected in time distribution analysis as many researchers believe that 
month distribution is not significant for areas, where temperature is too varied or too 
stationary. A hypothesis can be proposed where the real impact of TMA accident rate is 
month or the temperature (the factor behind month). In this research, because claim 
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report was used, temperature information was clearly recorded. Here we consider month 
and temperature together to figure out which one is the most related factor. 
Table 5-3 and Figure 5-2 shows a basic trend between TMA crash frequency and 
month in Missouri through 2012 to 2017. By looking at the total TMA crash, the curve 
appears double peak state, and the greater peak months are located at March and April. 
Similarly, July shows a second peak, which is still not possible to neglect. In freeway 
area, the crash frequency trend is quite similar with the general trend. Crash peak months 
were also located at March, April and September. Meanwhile, January, February June 
and September have lower crash rate. In arterials, there is not an obvious peak month 
shown and all data seem to have stayed with fluctuated trend. Through August to 
December, the crash rate presents a depressed state. 
 
Table 5-3 MWZ TMA-related Crash Frequency based on Month 
Month Freeway Percentage (%) Arterial Percentage (%) TOTAL Percentage (%) 
Jan 5 5.49 3 11.54 8 6.84 
Feb 5 5.49 4 15.38 9 7.69 
Mar 14 15.38 2 7.69 16 13.68 
Apr 14 15.38 3 11.54 17 14.53 
May 8 8.79 2 7.69 10 8.55 
Jun 5 5.49 4 15.38 9 7.69 
Jul 10 10.99 2 7.69 12 10.26 
Aug 6 6.59 1 3.85 7 5.98 
Sep 5 5.49 2 7.69 7 5.98 
Oct 7 7.69 1 3.85 8 6.84 
Nov 6 6.59 1 3.85 7 5.98 
Dec 6 6.59 1 3.85 7 5.98 
SUM 91 100 26 100 117 100 
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Figure 5-2 Crash Frequency based on Month (in MWZs) 
 
The table and diagram above show general crash distributions of freeway and arterial 
crashes. More detailed information can be seen in following tables (Table 5-4 to Table 
5-8). The separation of working types can be seen on the basis of the previous macro 
sight and by separately considering the differences caused by the different working 
situations. Also, through previous analysis, the general trend between freeway and 
arterial are totally different. The following Tables will separately discuss the freeway and 
arterials.  
In freeway area, TMA-related crashes distributed by working types can be seen in 
Table 5-4, except for those peak TMA crash months mentioned earlier. This table also 
showed the trend of crashes classified by month under different work types.  
Table 5-4 MWZ Freeway crashes by month (Crash) 
Month Total 
Component 
Patching Striping Sweeping 
Mowing and roadside work 
Mowing 
Roadside work (marking 
and others) 
Jan 5 2 0 0 0 3 
0
2
4
6
8
10
12
14
16
18
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Freeway Arterial TOTAL
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Feb 5 4 0 0 0 1 
Mar 14 6 0 1 0 7 
Apr 14 1 5 2 0 6 
May 7 0 2 3 0 2 
Jun 6 0 2 0 3 1 
Jul 11 2 2 2 3 2 
Aug 6 0 1 1 0 4 
Sep 5 0 2 3 0 0 
Oct 7 1 1 1 0 4 
Nov 5 3 0 0 0 2 
Dec 6 4 0 1 0 1 
Total 91 23 15 14 6 33 
 
For easy understanding and analysis, we use Table 5-5 and Table 5-6 to calculate the 
percentage from two different directions and see each proportion. Among them, portrait 
version can clearly see based on the same type of work that freeway crashes monthly 
distribution; and landscape version is good at analysis in each month. Also, freeway 
crashes are more likely to occur under which the type of MWZ works. 
 
Table 5-5 MWZ Freeway crashes percentage by month (Portrait version) 
Month 
Total 
(%) 
Component 
Patching 
(%) 
Striping 
(%) 
Sweeping 
(%) 
Mowing and roadside work 
Mowing (%) 
Roadside work (%) 
(marking and others) 
Jan 5.49  8.70  0.00  0.00  0.00  9.09  
Feb 5.49  17.39  0.00  0.00  0.00  3.03  
Mar 15.38  26.09  0.00  7.14  0.00  21.21  
Apr 15.38  4.35  33.33  14.29  0.00  18.18  
May 7.69  0.00  13.33  21.43  0.00  6.06  
Jun 6.59  0.00  13.33  0.00  50.00  3.03  
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Jul 12.09  8.70  13.33  14.29  50.00  6.06  
Aug 6.59  0.00  6.67  7.14  0.00  12.12  
Sep 5.49  0.00  13.33  21.43  0.00  0.00  
Oct 7.69  4.35  6.67  7.14  0.00  12.12  
Nov 5.49  13.04  0.00  0.00  0.00  6.06  
Dec 6.59  17.39  0.00  7.14  0.00  3.03  
Total 100.00  100.00  100.00  100.00  100.00  100.00  
 
Table 5-6 MWZ Freeway crashes percentage by month (Landscape version) 
Month 
Total 
(%) 
Component 
Patching 
(%) 
Striping 
(%) 
Sweeping 
(%) 
Mowing and roadside work (%) 
Mowing 
Roadside work 
(marking and others) 
Jan 100.00 40.00 0.00 0.00 0.00 60.00 
Feb 100.00 80.00 0.00 0.00 0.00 20.00 
Mar 100.00 42.86 0.00 7.14 0.00 50.00 
Apr 100.00 7.14 35.71 14.29 0.00 42.86 
May 100.00 0.00 28.57 42.86 0.00 28.57 
Jun 100.00 0.00 33.33 0.00 50.00 16.67 
Jul 100.00 18.18 18.18 18.18 27.27 18.18 
Aug 100.00 0.00 16.67 16.67 0.00 66.67 
Sep 100.00 0.00 40.00 60.00 0.00 0.00 
Oct 100.00 14.29 14.29 14.29 0.00 57.14 
Nov 100.00 60.00 0.00 0.00 0.00 40.00 
Dec 100.00 66.67 0.00 16.67 0.00 16.67 
Total 100.00 25.27 16.48 15.38 6.59 36.26 
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Figure 5-3 MWZ Crash Frequency percentage based on Month 
 (portrait and landscape version) 
 
From portrait version, according to Table 5-5, Table 5-6 and Figure 5-3, patching and 
roadside work has highly similar crash percentage trend with total crash percentage trend 
by month distribution. The crash peaks are all located around March and April, and the 
general trends in rest of the other months are also quite cognate.  
Above tables and diagrams only reflect the real crash situations in 6 years (from 2012 
to 2017). However, without the existing of control data, it would be hard to say what do 
those crash frequency number means. With the usage of MWZs working schedules in 
year 2015 and 2016, the portion between crash rate and working schedule rate would 
clarify which kind of situations is more easily observed crash in freeway and arterial. The 
TMA-group working schedule in freeway area is as shown in Table 5-7. Similarly, Table 
5-8 and Table 5-9 shows the working schedule portions through two directions, which 
from another perspective is also quite equivalent to a unified caliber with crash data. 
 
49 
 
Table 5-7 Freeway MWZs working schedules by month (Days) 
Month Total 
Component 
Patching  Striping  Sweeping  
Mowing and roadside work 
Mowing  
Roadside work 
(marking and others) 
Jan 280 263 4 6 0 7 
Feb 261 239 4 0 0 18 
Mar 678 522 52 73 0 31 
Apr 884 553 13 243 0 75 
May 1633 1182 177 226 0 48 
Jun 2783 2250 190 241 19 83 
Jul 2743 1922 113 349 253 106 
Aug 2857 2158 213 276 191 19 
Sep 3012 1906 489 291 120 206 
Oct 1540 531 574 210 93 132 
Nov 478 68 366 5 0 39 
Dec 185 109 46 8 0 22 
Total 17334 11703 2241 1928 676 786 
 
Table 5-8 Freeway MWZs working schedule percentage by month (Portrait version) 
Month 
Total 
(%) 
Component 
Patching  
(%) 
Striping 
(%)  
Sweeping 
(%)  
Mowing and roadside work (%) 
Mowing  
Roadside work 
(marking and others) 
Jan 1.62  2.25  0.18  0.31  0.00  0.89  
Feb 1.51  2.04  0.18  0.00  0.00  2.29  
Mar 3.91  4.46  2.32  3.79  0.00  3.94  
Apr 5.10  4.73  0.58  12.60  0.00  9.54  
May 9.42  10.10  7.90  11.72  0.00  6.11  
Jun 16.06  19.23  8.48  12.50  2.81  10.56  
Jul 15.82  16.42  5.04  18.10  37.43  13.49  
Aug 16.48  18.44  9.50  14.32  28.25  2.42  
Sep 17.38  16.29  21.82  15.09  17.75  26.21  
Oct 8.88  4.54  25.61  10.89  13.76  16.79  
Nov 2.76  0.58  16.33  0.26  0.00  4.96  
Dec 1.07  0.93  2.05  0.41  0.00  2.80  
Total 100.00  100.00  100.00  100.00  100.00  100.00  
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Table 5-9 Freeway MWZs working schedule percentage by month (Landscape 
version) 
Month 
Total 
(%) 
Component 
Patching 
(%)  
Striping 
(%)  
Sweeping 
(%)  
Mowing and roadside work (%) 
Mowing  
Roadside work  
(marking and others) 
Jan 100.00  93.93  1.43  2.14  0.00  2.50  
Feb 100.00  91.57  1.53  0.00  0.00  6.90  
Mar 100.00  76.99  7.67  10.77  0.00  4.57  
Apr 100.00  62.56  1.47  27.49  0.00  8.48  
May 100.00  72.38  10.84  13.84  0.00  2.94  
Jun 100.00  80.85  6.83  8.66  0.68  2.98  
Jul 100.00  70.07  4.12  12.72  9.22  3.86  
Aug 100.00  75.53  7.46  9.66  6.69  0.67  
Sep 100.00  63.28  16.24  9.66  3.98  6.84  
Oct 100.00  34.48  37.27  13.64  6.04  8.57  
Nov 100.00  14.23  76.57  1.05  0.00  8.16  
Dec 100.00  58.92  24.86  4.32  0.00  11.89  
Total 100.00  67.51  12.93  11.12  3.90  4.53  
 
 
Figure 5-4 TMA MWZ Schedule percentage by month (portrait and landscape 
version) 
 
Among these data, mobile work zone working schedule’s working time are 
concentrated from May to October, in 6 months. Based on recorded 17334 working 
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schedules, these 6 months has 14568 working schedule days, which occupied 84% for 
whole schedules. Especially through June to September, each month has around 16% to 
17% working schedules. (See Table 5-8) Match looking through the crashes occurred in 
each month (portrait version, Table 5-5), the distribution features are not similar.  
While analyzing the TMAs’ working categories, patching occupied the majority of 
work. In the total 17334 working schedule days, 11703 days TMAs are working on 
patching, which occupied around 67.57%. Striping and sweeping occupied the second 
and the third place, which has 12.93% and 11.12% among total separately. Mowing and 
roadside work only has 4% and has the least working schedule days among total. (See 
Table 5-9). Match looking through each month TMAs’ crash distribution (Landscape 
version, Table 5-6), the distribution features are quite similar, especially in “winter days” 
(November, December, January, February, and March). During those months, patching 
accounts for more than 90% of the month. In some months, for example April to June and 
September, the distribution doesn’t obey the above rule which can be inferred as due to 
the crash sample size is too small to cause the data distortion. Followed by striping and 
sweeping, general crashes under these two types of work occupied second and third 
place. However, crashes happened under mowing and road side work, especially in 
roadside work, seems to be proportionally imbalanced with TMAs’ working schedules, 
which has a total of 36.26% among all. In each separate month, as long as it has recorded 
work, the portion is much larger than 4% of working schedules. Based on this, roadside 
work is much more likely to have crashes than other TMAs. Although patching has high 
working occupancies, the crash rate drops which means that under patching work, it is 
less likely to see crashes in the highway area.  
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Previous analysis helped for clearly understand the distribution of accidents in each 
month of the year, as well as the distribution of accidents in each month of Patching, 
Striping, Sweeping, Mowing and Roadside works (marking and others). However, it is 
one-sided to judge the safety of each month and work from the number of these 
accidents, because schedules for each month of the year (sum of columns) and each 
working categories’ schedules (sum of rows) are uneven. In other words, working days 
arranged in months vary in many cases. For example, the working schedule days from 
June to September belong to peak months of the whole year, each month accounting for 
about 16-17% of the annual plan, and the total amount of these four months is about 65% 
of the whole year. Conversely, January, February, November and December belong to 
low months of the whole year working schedules, each month accounting for only 1-2% 
of the annual plan, and statistical results shows only 7% of the whole year’s working 
schedules were recorded for these four months schedule subtotal. 
From the relevant data, the regular pattern of patching work schedule is similar to the 
pattern of the whole year (see Table 5-8 for details). However, while matching look at 
the crash patterns in the same situation, two conditions show a totally different trend.  
Therefore, even if the number of accidents in the peak season is high, it cannot be said 
that its safety hazard is large or not. Every accurate conclusion must be made after a more 
comprehensive consideration for a deeper level.  
Furthermore, the arrangement of each kind of working schedule is quite uneven. For 
example, the proportion of patching work days among other works is very high, 
accounting for 67.55 of all work on average, and even occupied more than 90% in some 
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months. Therefore, even if there are more crashes occurring in patching process, it is 
impossible to simply explain as the safety risks in patching works is high as well.  
According to the questions raised above, in order to further do an accurate analysis and 
finally judge the characteristics and the impact of safety of TMA-related crashes, we 
adopted the concept of “differential analysis” which comprehensively considers the 
factors of work arrangement and the number of accidents to be able to judge the impact 
of safety with TMAs’ work.  Specifically, the safety degree of TMA is judged by the 
difference between the proportion of working days minus the proportion of accident 
occurred numbers. 
For details, see appendix table summarizing [Working schedule weighting analysis 
table (month)], [Accident frequency weighting analysis table (month)], and Table 5-10 in 
followed. 
Table 5-10 Differential analysis calculation by month 
(working schedule portion – accident frequency portion) 
Month 
Component 
Patching 
(%) 
Striping (%) 
Sweeping 
(%)  
Mowing and roadside work (%) 
Mowing  
Roadside work  
(marking and others) 
Jan -0.68  0.02  0.03  0.00  -3.26  
Feb -3.02  0.02  0.00  0.00  -1.00  
Mar -3.58  0.30  -0.68  0.00  -7.51  
Apr 2.09  -5.42  -0.80  0.00  -6.16  
May 6.82  -1.18  -1.99  0.00  -1.92  
Jun 12.98  -1.10  1.39  -3.19  -0.62  
Jul 8.89  -1.55  -0.18  -1.84  -1.59  
Aug 12.45  0.13  0.49  1.10  -4.29  
Sep 11.00  0.62  -1.62  0.69  1.19  
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Oct 1.96  2.21  0.11  0.54  -3.63  
Nov -2.90  2.11  0.03  0.00  -1.97  
Dec -3.77  0.27  -1.05  0.00  -0.97  
    Note: The red letter in the above table shows zero crash, and the blue bottom shows working 
schedule is zero. 
 
From the Table 5-10 Differential analysis calculation table by month, it can be 
judged that if the value is positive, indicating that it is relatively safe, and larger the 
value, meaning higher the security. On the contrary, if the value is negative, it means that 
it is relatively unsafe. The value (i.e. absolute value) which is larger indicates that it is 
more dangerous. If the value is close to zero or equals to zero, it means the proportion of 
crash rate and working schedule rate is quite equal, which indicate a normal situation.    
Based on above observations, it can be seen that we could perform differential 
analysis. Before the differential analysis, there are two things that need to be taken care 
of: 
1. For two special situations: first, the number of accidents to be zero (safety is in 
very good condition); second, the working schedule is zero (not considering judge). 
Differential analysis will not be considered analysis in this case.  
2. Due to two kinds of work, patching and roadside works, both has large number of 
accidents happening; also, patching has large number of working schedules. 
In order to form an intuitive evaluation result of the TMA-related accident, the 
differential analysis results are divided into six levels according to the differential 
analysis calculation result. The specific classification of the evaluation criteria at each 
level is detailed in the followed evaluation standard table. See Table 5-11. 
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Table 5-11 Differential analysis evaluation standard table 
Safety 
level 
Differential values range  Evaluation result  Representative symbol 
1 
Do not see the difference (the 
number of accidents is zero) 
Absolutely safe 
 
2 Δ ≥10% Very safe 
 
3 10%＞Δ ≥ 5% Relatively safe  
 
4 5%＞Δ ≥ -5% Normal 
 
5 -5%＞Δ ≥ -10% Not safe 
 
6 Δ＜-10%  Very unsafe 
 
0 Working schedule is zero Do not evaluate  
     Note: The above table Δ is the differences value between [MWZs working schedule proportion] 
and [accident frequency proportion] 
 
From the differential analysis calculation table by month (Table 5-10), it can be 
seen that in the case of patching in June and September, the difference is 12.98% and 
11%, respectively, and the difference is positive, and the value is large, indicating that the 
safety is higher. In most cases, the difference is negative, but the difference (i.e. absolute 
value) is not too large, indicating that its safety is general, only the Roadside work in 
March and April, and the Striping in April, the difference is -7.51%, -6.16%, and -5.42% 
respectively, the difference (absolute value) is relatively large, indicating that the safety is 
poor. 
It is recommended that in the case of Roadside work in March and April, attention 
should be paid to strengthening security work. In other cases, the difference is not large, 
and the safety in general, indicates that the situation is normal.  
According to the difference analysis and evaluation criteria, the evaluation results by 
month are obtained, as shown in the evaluation results table analyzed by month (Table 5-
12). 
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Table 5-12 evaluation results analyzed by month 
Month 
Component 
Patching  Striping  Sweeping  
Mowing and roadside work 
Mowing  
Roadside work 
(marking and others) 
Jan 
 
  
 
 
Feb 
 
  
 
 
Mar 
 
 
 
 
 
Apr 
 
 
 
 
 
May 
 
  
 
 
Jun 
 
    
Jul 
 
    
Aug 
 
  
 
 
Sep 
 
  
  
Oct 
   
 
 
Nov 
 
 
 
 
 
Dec 
 
 
 
 
 
 
 
The following research methods for other factors and in arterial area are similar to the 
process described above and those tables can be found in the appendix. 
    5.3.1.2. Day of the week  
The regulation of vehicle travels is different every day in a week. For example, people 
do not go to work on Saturday and Sunday, Monday is the first workday within a week, 
Friday is the last day of the work weekly, and so forth, these reasons lead to a large 
difference in the distribution of traffic. Similarity, in transportation crash analysis level, 
there are certain differences in the accident occurrence in weekdays. Hence, it is very 
important to analyze the accident distribution of the TMA-related crashes on weekdays. 
More detailed crash frequency trend distribution by day of the week can be seen in 
following Table 5-13 and Figure 5-5. 
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According to the statistical TMA crash data from 2011 to 2017 categories by day of 
the week, can be inferred through the total of 91 freeway crashes. Except Friday and 
Saturday, crashes occurring through Sunday to Thursday are quite average and are 
around 20 crashes, occupying 19.78%, 26.37%, 20.88%, and 19.78% separately. 
Weekend days only had 1 crash throughout 6-year time period. 
Table 5-13 Crash Frequency based on day of the week 
Weekday freeways 
Percentage 
(%) 
arterials 
Percentage 
(%) 
Total No. of Crash Frequency (%) 
Sun 0 0.00 0 0.00 0 0 
Mon 18 19.78 9 34.62 27 23.08 
Tue 24 26.37 4 15.38 28 23.93 
Wed 19 20.88 2 7.69 21 17.95 
Thu 18 19.78 7 26.92 25 21.37 
Fri 11 12.09 4 15.38 15 12.82 
Sat 1 1.10 0 0.00 1 0.85 
Total 91 100.00 26 100.00 117 100 
 
 
 
Figure 5-5 Crash Frequency based on day of the week 
 
Similar analytical methods were used for detailed work type discussions. See Table 5-
13 to Table 5-15. Separately we consider freeway area first from the situation of each 
0
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day of the week. We see that the accident rate of patching and roadside work operations 
is relatively high, accounting for 25.27% and 36.26% of the day respectively. Freeway 
(day of the week) crash frequency can be seen in Table 5-14. 
Table 5-14 Freeway crash frequency 
Weekdays Total  
Percentage 
(%) 
Component 
Patching Striping 
Sweepin
g 
Mowing and roadside work 
Mowing 
Roadside work 
(marking and others) 
Monday 18 19.78 5 2 2 2 7 
Tuesday 24 26.37 8 3 4 1 8 
Wednesda
y 
19 20.88 2 5 1 1 10 
Thursday 18 19.78 5 3 3 2 5 
Friday 11 12.09 3 2 3 0 3 
Saturday 1 1.10 0 0 1 0 0 
Sunday 0 0.00 0 0 0 0 0 
Total 91 100.00 23 15 14 6 33 
 
 
Figure 5-6 TMA MWZ crash frequency percentage by week  
(portrait and landscape version) 
 
At the same time, according to the 2015-2016 highway operation plan statistics, it can 
be seen from the distribution of the classified work on weekdays. The daily scheduled 
work plan is quite balanced, the proportion around 20 % of which is balanced with the 
crash portion.  
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In freeway area, day of the week working schedule is as followed: 
 
Table 5-15  Freeway day of the week schedule 
Weekdays Total  
Percentage 
(%) 
Component 
Patching Striping Sweeping 
Mowing and roadside work 
Mowing 
Roadside work 
(marking and others) 
Monday 3418 19.72 2308 442 380 133 155 
Tuesday 3810 21.98 2572 493 424 149 173 
Wednesday 3858 22.26 2605 499 429 150 175 
Thursday 3729 21.51 2518 482 415 145 169 
Friday 2484 14.33 1677 321 276 97 113 
Saturday 18 0.10 12 2 2 1 1 
Sunday 17 0.10 11 2 2 1 1 
Total 17334 100.00 11703 2241 1928 676 786 
 
 
Figure 5-7 TMA MWZ Schedule percentage by week (portrait and landscape 
version) 
 
From the previous analysis, it is clearly to understand based on the analysis that the 
distribution of accidents distributed weekly in a year, as well as the accidents of Patching, 
Striping, Sweeping, Mowing and Roadside work (marking and others)’s distribution 
situation in 7 days a week. Same as the case of the month, based on the difference in the 
number of working days in week, the safety judgment should also need to be considered 
comprehensively. Following judged safety level by day of the week scientifically through 
the differential analysis as well. 
Monday, 
19.72%
Tuesday, 
21.98%
Wednesday, 
22.26%
Thursday, 
21.51%
Friday, 
14.33%
Saturday, 
0.10%
Sunday, 
FREEWAY MWZS WORKING SCHEDULE PERCENTAGE 
BY MONTH
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Monday
Tuesday
Wednesday
Thursday
Friday
Saturday
67.6%
12.9%
11.1%
3.9% 4.5%
FREEWAY MWZS  WORKING SCHEDULE PERCENTAGE 
(LANDSCAPE VERSION)
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Through the Differential analysis calculation by day of the week table, it is obvious 
that in the days of roadside work, the proportion of differences on Monday, Tuesday and 
Wednesday are -6.80%, -7.79% and -9.98% separately, all of them are negative numbers. 
Also, those absolute values are relatively larger, indicating that its safety is not in a good 
level. In patching case, the proportion of difference on Wednesday is 12.83%, which is 
relatively large among other values, meaning that at this point the safety is in a very good 
level. The rest other weekdays (Monday, Tuesday, Thursday, and Friday) under patching 
work category’s difference proportion values are 7.82%, 6.05%,9.03% and 6.38% 
separately. All the difference values are positive, and the value is large, indicating the 
safety is in a relatively good condition.  
In other cases, proportion differences are not very prominent and safety level mainly 
belongs to normal situation. See Table 5-16.  
Table 5-16 Differential analysis calculation by day of the week 
(working schedule portion – accident frequency portion) 
Weekdays 
Component 
Patching (%) Striping (%) Sweeping (%) 
Mowing and roadside work (%) 
Mowing 
Roadside work  
(marking and others) 
Monday 7.82 0.35 -0.01 -1.43 -6.80 
Tuesday 6.05 -0.45 -1.95 -0.24 -7.79 
Wednesday 12.83 -2.62 1.38 -0.23 -9.98 
Thursday 9.03 -0.52 -0.90 -1.36 -4.52 
Friday 6.38 -0.35 -1.70 0.56 -2.64 
Saturday 0.07 0.01 -1.09 0.01 0.01 
Sunday 0.06 0.01 0.01 0.01 0.01 
   Note: red numbers indicate crash frequency equals to zero. 
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According to the differential analysis and evaluation standard table mentioned above, 
the evaluation result based on day of the week are detailed as follow table shows. See 
Table 5-17. 
 
Table 5-17 evaluation results analyzed by day of the week 
Weekdays 
Component 
Patching Striping Sweeping 
Mowing and roadside work 
Mowing 
Roadside work 
 (marking and others) 
Monday 
 
   
 
Tuesday 
 
   
 
Wednesday 
 
   
 
Thursday 
 
    
Friday 
 
  
 
 
Saturday 
  
 
  
Sunday 
     
 
    5.3.1.3. Time   
Time is an important indicator to reflect lifestyle habit and macro working schedules in 
a current area.  
Table 5-18 MWZ Crash Frequency based on time 
Time Range 
Freeway Arterial Total 
Frequency 
Percentage 
(%) 
Frequency 
Percentage 
(%) 
total 
percent 
(%) 
Frequency 
percentage 
(%) 
Day 
7:00-8:00 3 3.4  0 0.0  3 2.7 
106 95.5 
8:00-9:00 4 4.6  1 4.2  5 4.5 
9:00-10:00 13 14.9  4 16.7  17 15.32 
10:00-11:00 14 16.1  3 12.5  17 15.32 
11:00-12:00 11 12.6  3 12.5  14 12.61 
12:00-13:00 14 16.1  3 12.5  17 15.32 
13:00-14:00 17 19.5  7 29.2  24 21.62 
14:00-15:00 6 6.9  1 4.2  7 6.31 
15:00-16:00 1 1.1  0 0.0  1 0.9 
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16:00-17:00 0 0.0  1 4.2  1 0.9 
17:00-18:00 0 0.0  0 0.0  0 0 
18:00-19:00 1 1.1  0 0.0  1 0.9 
Night 
19:00-20:00 1 1.1  0 0.0  1 0.9 
5 4.5 
after 20:00 2 2.3  1 4.2  3 2.7 
NA 4 \ 2 \ 6 \ 6 \ 
Total 91 100 26 100 117 100 117 100 
     Tips: 6 of freeway crash are losing time information data. 
 
 
Figure 5-8 MWZ Crash Frequency based on time 
 
From the crash data above, out of the total of 117 crashes, we see no matter what the 
freeway of arterials, the majority of crashes occurred during the day time. Form 12 hours 
starting from 7 am to 7pm, all recorded crashes occupied 95.50% of total, especially in 
five periods from morning and noon, (9:00-10:00, 10:00-11:00, 11:00-12:00, 12:00-13:00 
and 13:00-14:00), these crashes occupied 80% of the total. Similarly, these crash 
distributions are highly correlated with people’s working schedule and lifestyles as there 
are more vehicles traveling during those time periods. 
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5.3.2. Spatial distribution (MWZ freeway) 
    5.3.2.1.   Regional distribution  
 
MODOT has separated Missouri State into 7 main region groups based on county, as 
seen in Figure 5-9. Detailed county list can be seen in appendix. 
 
Figure 5-9 MODOT regional Map 
 
From the regional distribution of accidents, the areas with more accidents were mainly 
concentrated in St. Louis, Kansas City and Southwest region. Especially in St. Louis 
region, among the 117 TMA-related crashes, 61 crashes were occurred here, which 
occupied more than a half of total crashes, with 52.1%. Kansas City region occupied the 
second place, with 25 crashes, accounting for 21.4% of the total accidents. Relatively 
speaking, although crashes happened in Southwest still has a large number which leads 
this region area, ranked at the third place, only accounting for 8.5% of the total. 
Accidents frequency are lower in the rest of other regions. 
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By collecting the population and the areas of these regions, the occurrence of these 
accidents is strongly related with population. Higher the number of accidents, the more 
the corresponding population shows. Regions like St. Louis, Kansas City, Southwest, 
were ranked in the top three, each of them had 2,000, 1,260 and 927 thousand population 
as recorded, accounting for 33.5%, 21.1% and 15.5% of the total population respectively. 
Other regions have relatively little population, this feature reflects that the larger 
population area will need larger traffic demand, which has relatively frequent travel 
frequency. At the same time TMA operation time will be more guaranteed for roads in 
good condition and there will be more possibilities for accidents to occur. 
 In addition, through the analysis of the data related to these accidents and the area, 
they have no obvious correlation with each other in regions with larger area and the 
number of accidents does not necessarily increase. For example, the area of Southwest is 
up to 43014 km^ 2, accounting for about 1/4 of the total area, or 24.3%, but the accidents 
only accounted for 4.3% of the total accidents. Other than Southwest, such as Central 
Districts, Northwest and Northeast, the area is very large, but accounted for 16.2%, 
15.0% and 13.3% of the total area, but the number of accidents was less, with only 5.1%, 
5.1% and 3.4% of the total accidents. It shows that even if the area is large, even the scale 
of road mileage is not small, but due to the sparse population and relatively weaker 
economic development levels, the corresponding traffic demand will not be very large, 
and the car travel will be relatively small. But the TMA operation time will not be small 
and the chances of an accident to occur will naturally be less. See the regional 
distribution of the accident table. Table 5-19 and Table 5-20 shows some details. 
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Table 5-19 TMA crash distributes by regions 
COUNTY 
NAME 
North 
west 
North 
east 
Kansas 
City 
Central 
Districts 
St. 
Louis 
South 
west 
South 
east 
Total 
crash  
Total 6 4 25 6 61 10 5 117 
of 
Freeway 5 3 18 5 48 8 4 91 
Arterial 1 1 7 1 13 2 1 26 
POPULATION（1000） 265 293 1260 652 2000 927 577 5975 
AREA (km^2) 26651 23639 14480 28755 7019 33745 43014 177303 
 
Table 5-20 TMA crash distributes by regions percentage（%） 
COUNTY NAME 
North 
west 
North 
east 
Kansas 
City 
Central 
Districts 
St. 
Louis 
South 
west 
South 
east 
Total 
crash  
Total 5.1 3.4 21.4 5.1 52.1 8.5 4.3 100.0 
of 
Freeway 5.5 3.3 19.8 5.5 52.7 8.8 4.4 100.0 
Arterial 3.8 3.8 26.9 3.8 50.0 7.7 3.8 100.0 
POPULATION 4.4 4.9 21.1 10.9 33.5 15.5 9.7 100.0 
AREA (km^2) 15.0 13.3 8.2 16.2 4.0 19.0 24.3 100.0 
 
 
Figure 5-10 TMA crash distributes by regions percentage 
 
    5.3.2.2.   Traffic lane distribution  
After discussing the impact of regional distribution factor on accident frequency, a 
more microscopic analysis of the spatial distribution characteristics is performed here.  
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There are certain differences in the function of each lane on the road. For example, from 
left to right, although speed limit in exactly each section does not vary by lanes, travel 
speed does show a slight declining trend. The left lane (or called lane No. 1) usually has 
been used as an overtaking lane under freeway area. Shoulder lane also called emergency 
lane, which usually stays clear and is prepared for emergency situations. All those 
locations caused “lane functions” will indirectly decide the vehicles travelling speed. 
Therefore, it is necessary to analyze TMA-related accident distribution by lane 
separation.  
Considering the difference in the position of the lane where TMA-group is located will 
impact third parties' driving in different degrees, we used data provided both in claim 
report and crash report about TMA working lane (same as closed driving lane location 
No. followed) to see the impact.  
For easy classification, here we group them into five categories, No.1 means the left 
lane in which the lane is closest to the isolation belt or double yellow line; No. 2, No. 3 
and Larger than 3 are the groups describing the middle lanes on the right side to the lane 
No.1; Shoulder means the emergency lane, which is located on the extreme right side, 
and not existent in some kind of road types. These categories are depicted in Figure 5-11. 
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Figure 5-11 Lane classification rules 
 
Based on 2012 to 2017 TMA-related crashes happened in different driving lanes, the 
general distribution is shown in Table 5-21 and Figure 5-11. There are 9 crashes that 
don’t provide this kind of information (missing data), 6 in freeway area and 3 in arterial 
area. Those will not be considered for counting into following calculations. Only the 85 
freeway crashes and 23 arterial crashes will therefore be considered here.  
Among the 85 effective crash data recorded in freeway area, 39 crashes were located at 
the left lane, which accounts for 42.86% of all accidents, near half. Three describing 
middle lane or right lane groups show a decreasing trend through left to right, which are 
27.47%, 14.29% and 7.69% separately. Shoulder only occurred one crash through these 
six years and has the minimum crash through all groups. In arterial area, general trend is 
highly similar with freeway area, except for the “Larger than No. 3” group, because 
seldom arterials have more than or equals to 3 lanes road composition.  
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Table 5-21 TMA Crash Frequency based on CLOSED Driving Lane No. 
Closed driving lane 
location No. 
Freeway Percentage (%) Arterial Percentage (%) Total Percentage (%) 
No. 1(left lane) 39 42.86  12 46.15  51 43.59  
No. 2 25 27.47  6 23.08  31 26.50  
No. 3 13 14.29  0 0.00  13 11.11  
Larger than No. 3 7 7.69  5 19.23  12 10.26  
Shoulder 1 1.10  0 0.00  1 0.85  
N/A 6 6.59  3 11.54  9 7.69  
Total 91 100.00  26 100.00  117 100.00  
 
 
Figure 5-12Crash Frequency based on CLOSED Driving Lane No. 
Table 5-22 shows more detailed crash information separated by different working 
types. Table 5-23 and Table 5-24 are percentage tables through portable and landscape 
directions.  
Table 5-22 MWZs Freeway crashes by driving lane 
Closed lane # 
Total Component 
crashes % Patching Striping Sweeping 
Mowing and roadside work 
Mowing 
Roadside work 
(marking and others) 
1(left lane) 39 45.88 4 9 8 4 14 
2 25 29.41 11 4 0 1 9 
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3 19 15.29 5 1 4 0 9 
Larger than 3 1 8.24 1 0 0 0 0 
Shoulder 1 1.18 0 0 0 0 1 
N/A 6 / 2 1 2 1 / 
Total 91 100 23 15 14 6 33 
     Tip: 6 crashes doesn’t have this information recorded, so doesn’t included calculate. 
 
Table 5-23Freeway crashes percentage by driving lane (Portrait version) 
Closed lane # 
Total 
Percentage 
(%) 
Component 
Patching 
(%) 
Striping 
(%) 
Sweeping 
(%) 
Mowing and roadside work (%) 
Mowing 
Roadside work 
(marking and others) 
No. 1(left lane) 
42.86  17.39  60.00  57.14  66.67  42.42  
No. 2 
27.47  47.83  26.67  0.00  16.67  27.27  
No. 3 
20.88  21.74  6.67  28.57  0.00  27.27  
Larger than No. 3 
1.10  4.35  0.00  0.00  0.00  0.00  
Shoulder 
1.10  0.00  0.00  0.00  0.00  3.03  
Total 
100.00  100.00  100.00  100.00  100.00  100.00  
 
The portable version table (Table 5-23) shows crash occurring percentages in freeway 
area based on same kind of work. The general phenomenon can be extended using many 
types of work. Except patching work, striping, sweeping, mowing, and roadside work all 
have the highest percentage of collisions on the left lane, which occupied 60.00%, 
57.14%, 66.67% and 42,42% separately. Patching related crash occurred more on the 
lane No.2, which is 47.83%. 
Table 5-24 Freeway crashes percentage by driving lane (Landscape version) 
Closed lane # 
Total 
Percentage 
(%) 
Component 
Patching 
(%) 
Striping 
(%) 
Sweeping 
(%) 
Mowing and roadside work (%) 
Mowing 
Roadside work 
(marking and others) 
No. 1(left lane) 100.00  10.26  23.08  20.51  10.26  35.90  
No. 2 100.00  44.00  16.00  0.00  4.00  36.00  
No. 3 100.00  26.32  5.26  21.05  0.00  47.37  
Larger than No. 3 100.00  100.00  0.00  0.00  0.00  0.00  
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Shoulder 100.00  0.00  0.00  0.00  0.00  100.00  
Total 100.00  25.27  16.48  15.38  6.59  36.26  
 
Through each lane situations, total percentage shows patching and roadside work to be 
two work types with more crashes, which is 25.27% and 36.26% separately. Other works 
have lower crash rates. 
Similar to previous analysis methods, the following approach used MWZs working 
schedule distributes by TMA working lanes, as shown in Table 5-25. For unified data 
caliber with crash data consideration, Table 5-26 and Table 5-27 are percentage tables 
through two sides in the same way with crash data above.  
 
Figure 5-13 TMA MWZ crashes percentage by Closed lane  
(portrait and landscape version) 
 
Table 5-25 TMA working schedule days by driving lane 
Closed lane # Total days 
Component 
Patching Striping Sweeping 
Mowing and roadside work 
Mowing 
Roadside work 
(marking and others) 
No. 1(left lane) 14304 11295 460 1835 70 644 
No. 2 264 182 25 0 2 55 
No. 3 43 36 1 3 0 3 
Larger than No. 3 24 24 0 0 0 0 
Shoulder 2699 166 1755 90 604 84 
Total 17334 11703 2241 1928 676 786 
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Table 5-26 Freeway working schedule percentage by driving lane (Portrait version) 
Closed lane # Total (%) 
Component 
Patching 
(%) 
Striping 
(%) 
Sweeping 
(%) 
Mowing and roadside work (%) 
Mowing 
Roadside work 
(marking and others) 
No. 1(left lane) 82.52  96.51  20.53  95.18  10.36  81.93  
No. 2 1.52  1.56  1.12  0.00  0.30  7.00  
No. 3 0.25  0.31  0.04  0.16  0.00  0.38  
Larger than No. 3 0.14  0.21  0.00  0.00  0.00  0.00  
Shoulder 15.57  1.42  78.31  4.67  89.35  10.69  
Total 100.00  100.00  100.00  100.00  100.00  100.00  
 
Through 2015 and 2016 freeway working schedule by driving lane location statistic 
data, we see among the total of 173334 working days, there are 14304 days where 
working happened on the lane No.1 (left lane), which occupied 82.52%. It shows that the 
lane No.1 has highest working density. Similarly, patching, sweeping and road side work 
also have most working schedules on the left lane, which is 96.51%, 95.18% and 81.93% 
separately. Mowing, because of work particularity, focuses on working of the extreme 
right shoulder as it is near grass.  
Table 5-27 Freeway working schedule percentage by driving lane (landscape 
version) 
Closed lane # Total (%) 
Component 
Patching 
(%) 
Striping 
(%) 
Sweeping 
(%) 
Mowing and roadside work (%) 
Mowing 
Roadside work 
(marking and others) 
No. 1(left lane) 100.00  78.96  3.22  12.83  0.49  4.50  
No. 2 100.00  68.94  9.47  0.00  0.76  20.83  
No. 3 100.00  83.72  2.33  6.98  0.00  6.98  
Larger than No. 
3 
100.00  100.00  0.00  0.00  0.00  0.00  
Shoulder 100.00  6.15  65.02  3.33  22.38  3.11  
Total 100.00  67.51  12.93  11.12  3.90  4.53  
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    Separately looking through each category of lanes, patching work has been arranged 
with most percentage among all works, occupying 67.51% for total percentage.  
 
Figure 5-14 TMA MWZ Schedule percentage by Closed lane  
(portrait and landscape version) 
 
From the above analysis, the distribution of accident by TMA influenced closed lane 
and the distribution of accidents in the closed lanes of Patching, Striping, Sweeping, 
Mowing and Roadside work are clearly introduced through previous data analysis 
progress. From the above analysis, it can be clearly seen that the number of accidents 
proportion has large contrast with the distribution of working schedules proportion. 
Therefore, it is difficult to judge the degree of safety from the unilateral analysis. The 
following comprehensive analysis of the highway closed lane accidents safety evaluation 
using the data in the differential analysis calculation table (distributes by closed lanes) is 
more accurate and credible. 
It can be seen from the differential analysis calculation table by lane that the difference 
between roadside work in lane 1 and patching in lane 2 is -11.67% and -11.04% 
respectively. Both are negative numbers, and the difference absolute value is very large, 
indicating that safety level in those situations is very poor. Striping in Lane 1, Roadside 
work in Lane 2, and Patching and Roadside work in Lane 3 all have negative difference 
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values, and the difference absolute values are all relatively large, which are -7.24%, -
9.57%, -5.29%and -9.87% separately. This indicates that these four situations also have 
relatively poor safety levels. On the contrary, the difference value of Patching in Lane 1 
is positive, and the difference is large, indicating that it’s in a very good safety level. 
Therefore, it is recommended to strengthen the safety precautions in case of Roadside 
work in lanes 1, 2, and 3; patching work in lane 2 and lane 3 and striping in lane 1. 
In other lanes and related work situations, the difference is not large, indicating a 
general safety level and relatively normal situation. For details, see the difference 
analysis calculation table distribution by speed limit section. (See Table 5-28) 
Table 5-28 Differential analysis calculation by closed lane No. 
(working schedule portion – accident frequency portion) 
Closed lane # 
Component 
Patching 
(%) 
Striping 
(%) 
Sweeping 
(%) 
Mowing and roadside work (%) 
Mowing 
Roadside work 
(marking and others) 
1(left lane) 60.77  -7.24  1.79  -3.99  -11.67  
2 -11.04  -4.25  0.00  -1.09  -9.57  
3 -5.29  -1.09  -4.38  0.00  -9.87  
Larger than 3 -0.96  0.00  0.00  0.00  0.00  
Shoulder 0.96  10.12  0.52  3.48  -0.61  
                 Note: red letters mean crash frequency is 0, blue bottom means working schedule 
is 0 
 
According to the differential analysis and evaluation standard table mentioned above, 
the evaluation result based on closed lane No. are detailed as seen from the following 
table. See Table 5-29. 
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Table 5-29 evaluation results analyzed by closed lane No. 
Closed lane # 
Component 
Patching Striping Sweeping 
Mowing and roadside work 
Mowing 
Roadside work (marking 
and others) 
1(left lane) 
 
 
  
 
2      
3    
 
 
Larger than 3      
Shoulder 
    
 
 
    5.3.2.3.   Speed-limit-section distribution  
 
Table 5-30  Speed-limit-section distribution 
Road Facility type 70MPH 65MPH 60MPH 
less than 
60MPH 
SUM 
Freeway 23 19 33 16 91 
Percentage (%) 19.66 16.24 13.68 13.68 100.00 
Arterial 1 3 8 14 26 
Percentage (%) 0.85 2.56 6.84 11.97 100.00 
TOTAL 24 22 41 30 117 
Percentage (%) 20.51 18.80 35.04 25.64 100 
 
 
Figure 5-15 Speed-limit-section distribution 
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Table 5-31 MWZ Freeway crashes by speed limit section 
Speed limit 
 (MPH) 
Total 
Crash 
Component 
Patching Striping Sweeping 
Mowing and roadside work 
Mowing 
Roadside work 
(marking and others) 
70 30 1 10 0 3 16 
65 11 8 0 2 1 0 
60 35 13 2 8 1 11 
Under 
60 
55 0 0 0 0 0 0 
50 0 0 0 0 0 0 
45 0 0 0 0 0 0 
Under 45 15 1 3 4 1 6 
sum 15 1 3 4 1 6 
Total 91 23 15 14 6 33 
 
Table 5-32 MWZ Freeway crashes percentage by speed limit section (Portrait 
version) 
Speed limit 
 (MPH)  
Total (%) 
Component 
Patching 
(%) 
Striping 
(%) 
Sweeping 
(%) 
Mowing and roadside work (%) 
Mowing 
Roadside work 
(marking and others) 
70 32.97  4.35  66.67  0.00  50.00  48.48  
65 12.09  34.78  0.00  14.29  16.67  0.00  
60 38.46  56.52  13.33  57.14  16.67  33.33  
Under 60 
55 0.00  0.00  0.00  0.00  0.00  0.00  
50 0.00  0.00  0.00  0.00  0.00  0.00  
45 0.00  0.00  0.00  0.00  0.00  0.00  
Under 
45 
16.48  4.35  20.00  28.57  16.67  18.18  
sum 16.48  4.35  20.00  28.57  16.67  18.18  
Total 100.00  100.00  100.00  100.00  100.00  100.00  
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Table 5-33 MWZ Freeway crashes percentage by speed limit section (Landscape 
version) 
Speed limit 
 (MPH)  
Total (%) 
Component 
Patching 
(%) 
Striping 
(%) 
Sweeping 
(%) 
Mowing and roadside work (%) 
Mowing 
Roadside work 
(marking and others) 
70 100.00  3.33  33.33  0.00  10.00  53.33  
65 100.00  72.73  0.00  18.18  9.09  0.00  
60 100.00  37.14  5.71  22.86  2.86  31.43  
Under 
60 
55 0.00 0.00 0.00 0.00 0.00 0.00 
50 0.00 0.00 0.00 0.00 0.00 0.00 
45 0.00 0.00 0.00 0.00 0.00 0.00 
Under 45 100.00 6.67  20.00  26.67  6.67  40.00  
sum 100.00 6.67  20.00  26.67  6.67  40.00  
Total 100.00  25.27  16.48  15.38  6.59  36.26  
 
First, we analyze the number of accidents that occurred on freeway area based on the 
speed limit category in 2012-2017. From the portrait direction (See Table 5-32), among 
the total 91 crashes, the speed limit in 70mph, 65mph, 60mph and below 60mph 
categories has 30, 11, 35, and 15 crashes occurring separately, which occupied 32.97%, 
12.09%, 38.46%, and 16.48%. From each speed limit range, under 65mph and 60mph 
speed limit, patching has more accidents, and the proportion of occurrence is higher than 
other speed limit restrictions. They accounted for 34.78%and 56.52% respectively. A 
little different with patching, roadside work has more accident frequencies occurring in 
70mph and 60mph speed limit, where the percentage occupied 48.48% and 33.33% 
separately.  
From the landscape direction (See Table 5-33), roadside work and patching occurred 
the majority crashes among the five working categories, which has 33 and 23 crashes, 
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occupying 36.26% and 25.27% separately and they belong to accident-prone working 
types. From the speed limit level, patching in 65mph and 60mph, the roadside work also 
under 70mph, 65mph and under 60mph situations accidents account for a large 
proportion, occupying 72.73%, 37.14%, 53.33, 31.43 and 40.00% separately. 
Table 5-34 MWZ Freeway working schedule by speed limit section 
Speed limit 
 (MPH)  
Total 
days 
Component 
Patching Striping Sweeping 
Mowing and roadside work 
Mowing 
Roadside work 
(marking and others) 
70 127 40 47 1 26 13 
65 374 35 0 75 264 0 
60 315 133 22 23 22 115 
Under 
60 
55 3037 2410 74 171 268 114 
50 1146 889 138 3 0 116 
45 2101 870 1047 69 13 102 
Under 45 10234 7326 913 1586 83 326 
Sub-sum 16518 11495 2172 1829 364 658 
Total 17334 11703 2241 1928 676 786 
 
Table 5-35 MWZs Freeway working schedule percentage by speed limit (Portrait 
version) 
Speed limit 
 (MPH)  
Total (%) 
Component 
Patching 
(%) 
Striping 
(%) 
Sweeping 
(%) 
Mowing and roadside work (%) 
Mowing 
Roadside work 
(marking and others) 
70 0.73  
0.34  2.10  0.05  3.85  1.65  
65 2.16  
0.30  0.00  3.89  39.05  0.00  
60 1.82  
1.14  0.98  1.19  3.25  14.63  
Under 
60 
55 17.52  
20.59  3.30  8.87  39.64  14.50  
50 6.61  
7.60  6.16  0.16  0.00  14.76  
45 12.12  
7.43  46.72  3.58  1.92  12.98  
Under 45 59.04  
62.60  40.74  82.26  12.28  41.48  
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Sub-sum 95.29  
98.22  96.92  94.87  53.85  83.72  
Total 100.00  100.00  100.00  100.00  100.00  100.00  
 
Table 5-36 MWZs Freeway working schedule percentage by speed limit  
(landscape version) 
Speed limit 
 (MPH)  
Total (%) 
Component 
Patching 
(%) 
Striping 
(%) 
Sweeping 
(%) 
Mowing and roadside work (%) 
Mowing 
Roadside work 
(marking and others) 
70 100.00  
31.50  37.01  0.79  20.47  10.24  
65 100.00  
9.36  0.00  20.05  70.59  0.00  
60 100.00  
42.22  6.98  7.30  6.98  36.51  
Under 
60 
55 100.00  
79.35  2.44  5.63  8.82  3.75  
50 100.00  
77.57  12.04  0.26  0.00  10.12  
45 100.00  
41.41  49.83  3.28  0.62  4.85  
Under 45 100.00  
71.58  8.92  15.50  0.81  3.19  
sum 100.00  69.59  13.15  11.07  2.20  3.98  
Total 100.00  67.51  12.93  11.12  3.90  4.53  
 
 
Secondly, we analyze freeway working schedule days under speed limit distribution 
during 2015-2016. From portrait direction (See Table 5-35), most works are concentrated 
in the low-speed section. In the 17334 working days of the work schedule, there are up to 
16518 work days where the working schedule is arranged at under 60mph speed limit 
levels, accounting for 95.29% of the total working day. Nearly 60% of working days are 
arranged at the points where speed limit is below 45mph. According to the classification 
of working categories, except mowing, this rule is basically presented. For example, 
during the speed limit below 60mph, the operations of patching, striping, sweeping, 
mowing and roadside work accounts for 98.22%, 96.92%, 94.87%, 53.85% and 83.72% 
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of their respective operations. This shows that except mowing other types of work under 
60mph are all occupied for the majority.  
From the perspective of landscape direction (see Table 5-36 for details), in addition to 
patching which occupied the maximum working time schedule in the whole working 
environment, it also had high working schedule arrangement in each speed limit sections 
(except 60mph). Especially in 55mph, 50mph, and under 45mph mph speed limit 
sections, all of which has as high (i.e.70%) working schedules proportion.  
All the above analysis helped with a clear understanding of the distribution of 
accidents and working schedules in each speed limit segment, as well as the various 
operations of patching, striping, sweeping mowing and roadside work in each speed limit 
segments distributions.  Above analysis also shows that distribution of the number of 
accidents has a large contrast with the distribution of working hours, where more 
accidents happened in speed limit sections. Also, there is not necessarily a lot of working 
schedules. For example, roadside work generally does not have a high proportion of work 
schedules, but its proportion of accidents is rather high, so it is difficult to judge the size 
of security from a unilateral analysis. Therefore, the following comprehensive judgment 
results of the safety of the expressway speed limit accident are more accurate and 
credible with the data in the differential analysis calculation table distribution by speed 
limit segment. (Table 5-37) 
Table 5-37 Differential analysis calculation by speed limit section 
(working schedule portion – accident frequency portion) 
Speed limit 
Component 
Patching (%) Striping (%) Sweeping (%) 
Mowing and roadside work (%) 
Mowing 
Roadside work 
(marking and others) 
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70 -0.87  -10.72   0.01  -3.15  -17.51  
65 -8.59  0.00  -1.77  0.42  0.00  
60 -13.52  -2.07  -8.66  -0.97  -11.42  
Under 
60 
55 13.90  0.43  0.99  1.55  0.66  
50 5.13  0.80  0.02  0.00  0.67  
45 5.02  6.04  0.40  0.07  0.59  
Under 45 42.26  5.27  9.15  0.48  1.88  
sum 65.22  9.23  6.16  1.00  -2.80  
   Note: red letters mean crash frequency is 0, blue bottom means working schedule is 0 
 
From the differential analysis calculation table (speed limit segment), the difference 
proportion values in 70mph of the Roadside work, Striping and value in 60mph 
sweeping, roadside work is -17.51%, -10.72%, 13.52% and -11.42%, all of which are 
negative. And the difference absolute values are all very large, indicating that safety 
levels are under very poor condition. Patching in 65mph speed limit and sweeping in 
60mph speed limit differences proportion values are -8.59% and -8.66%, respectively, all 
of which are negative as well, and those absolute value are relatively large, indicating a 
poor safety level. Patching under 60mph speed limit has positive proportion difference 
value, which is 65.22%, indicating a very good safety level. Similarly, striping and 
sweeping at under 60mph speed limit level has 9.23% and 6.16% differences proportion 
values, which is all positive with relatively large number, indicating a better safety level. 
Hence, it is recommended to strengthen the safety precautions under the conditions of 
roadside work, striping in 70mph speed limit, patching in 65mph speed limit, and 
patching, sweeping and roadside work in 60mph situations.  
In other speed limit restriction sections and related work situations, the differences 
proportion is not large, and the safety level is in general, indicating relatively normal 
situations. Table 5-37 shows detailed description about differential analysis calculation.  
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According to the differential analysis and evaluation standard table mentioned above, 
the evaluation result based on speed limit is detailed as follows. See Table 5-38. 
 
Table 5-38 evaluation results analyzed by speed limit 
Speed limit 
Component 
Patching Striping Sweeping 
Mowing and roadside work 
Mowing 
Roadside work 
(marking and others) 
70mph 
 
 
 
 
 
65mph 
 
 
  
 
60mph 
 
 
 
 
 
Under 
60mph 
55mph 
     
50mph 
   
 
 
45mph 
     
Under 
45mph      
Sum 
   
  
 
5.4. MWZs’ Crash Features in arterial 
Compared with freeway, there are relatively fewer crash frequencies or working 
schedule data samples for arterial, which means they did too detailed analysis which is 
not necessary, nor does it makes any sense. Therefore, the analysis of the accident 
characteristics of the arterial, although combining the data of the crash frequency and 
working schedules, we only made the analysis of the thick line to be simple and clear. 
From the type of work, both crash frequency and working schedules are concentrated 
most on the Roadside work, accounting for 38.5% and 31.1% respectively, followed by 
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Patching and Striping, both of which are at around 20%. In other cases, crash frequency 
and working schedule is relatively small. See Table 5-39 for details. However, these data 
can only show a general trend of crashes and schedules, a simple subtraction were made 
by using TMA working schedule percentage minus TMA caused crash percentage. 
Through those numbers, sweeping is work type in MWZs which most easily caused crash 
in arterial area, and roadside work occupied the second dangerous place. Striping is the 
less likely caused MWZs’ crash work type, and the other two work types (Patching and 
Mowing) are all relatively safer in arterial area. For more detailed analysis of the arterial 
roads, see the attached tables in the Appendix table summary. 
Table 5-39 MWZ crash distributions in arterials 
Type of work Patching Striping Sweeping Mowing 
Roadside 
work 
Total 
Crash 
Frequency 5 5 3 3 10 26 
% 19.2 19.2 11.5 11.5 38.5 100 
Schedule 
Days 39 44 2 28 51 164 
% 23.8 26.8 1.2 17.1 31.1 100 
Schedule% - Crash% 4.6 7.6 -10.3 5.6 -7.4 0.00 
 
The following is a further analysis by Time Distribution and Spatial distribution. 
Considering the data sample size limitation and TMA working schedule limitation, we 
only used four features for those crashes under MWZs arterial situation analysis, which 
are month, week, closed lane location, and speed limit.   
5.4.1.  Time distribution (MWZ arterial) 
For time distribution, only month and weeks were performed here for analysis as two 
main features, showing detailed analysis as followed.  
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    5.4.1.1.  Month  
From the data of the monthly accident and working schedule statistics, crash frequency 
and working schedule shows a complete inconsistency, with those months having more 
crash occurrence. That does not means that it has more working frequencies. Especially 
in March, April and July, accounting for 15.38%, 15.38% and 10.99% respectively, the 
corresponding working schedules in those months were not frequent. In addition, for high 
density working schedule months, May, June and August, the corresponding crash 
frequency was not high. Those completely asymmetrical situation months indicate two 
extreme cases, high safety level months and easy-occurring crash months. Similar to the 
previous analysis method, we also used “differential analysis” indicator system by 
counting Schedule percentage minus Crash percentage as shown in Table 5-40. All 
positive numbers with large absolute value show under high operating frequency, only 
low percentage of accidents occurred. In another words, safety level in those situations 
are high. On the other hand, those negative numbers with large absolute values show a 
highly dangerous level as they have high crash rate under low operation frequency. 
Detailed safety level distribution is Figure 5-15 is described by using polyline. 
Table 5-40 MWZ arterial crash distribution by month 
Month 
Crash Schedule 
Schedule% - Crash% 
frequency % days % 
Jan 
3 5.49 1 0.61 -4.88 
Feb 
4 5.49 2 1.22 -4.27 
Mar 
2 15.38 7 4.27 -11.11 
Apr 
3 15.38 6 3.66 -11.72 
May 
2 8.79 49 29.88 21.09 
Jun 
4 5.49 22 13.41 7.92 
Jul 
2 10.99 5 3.05 -7.94 
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Aug 
1 6.59 32 19.51 12.92 
Sep 
2 5.49 15 9.15 3.66 
Oct 
1 7.69 15 9.15 1.46 
Nov 
1 6.59 4 2.44 -4.15 
Dec 
0 6.59 6 3.66 -2.93 
Total 26 100.00 164 100.00 / 
 
 
 
Figure 5-16 MWZ arterial crash distribution by month 
 
    5.4.1.2.  Day of the week 
From the data of day of the week accident and working schedule statistic, only 
Monday and Thursday show crash occurring frequency and is much higher than the 
matching operation schedules, which can be thought of as a highly dangerous level. 
Worthy of notice, Saturday and Sunday don’t have any recorded crash. See Table 5-41 
for details. 
 
Table 5-41MWZ arterial crash distribution by weekdays 
Weekdays 
Crash Schedule Schedule% - Crash % 
frequency % days % 
Monday 
9 34.62 19 11.59 -23.03 
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Tuesday 
4 15.38 26 15.85 0.47 
Wednesday 
2 7.69 36 21.95 14.26 
Thursday 
7 26.92 31 18.90 -8.02 
Friday 
4 15.38 39 23.78 8.40 
Saturday 
0 0.00 9 5.49 5.49 
Sunday 
0 0.00 4 2.44 2.44 
Total 26 100 164 100 / 
 
 
Figure 5-17 MWZ arterial crash distribution by weekday 
 
5.4.2. Spatial distribution (MWZ arterial) 
    5.4.2.1.    Closed traffic lane location  
From accidents data distribution by TMA working lane and working schedule 
statistics, the left lane has both the highest crash occurrence and most frequent schedules, 
accounting for 46.2% and 60.4% for the respective proportions. The percentage 
differences between other lanes are quite large. For example, under Lane No. 2 and Lane 
larger than No. 2 situations, crash frequency is relatively higher, accounting for 23.1% 
and 19.2% separately, with lower schedule percentage. All the above analysis shows 
Lane No. 2 and Lane larger than No. 2 is more dangerous than other lanes, and shoulder 
is least dangerous lane as almost no car drives on that lane. For the left lane, although we 
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only see crash rate, left lane has most crash frequency than all other lanes, however while 
match looking with the high frequent working schedules, left lane is relatively safer than 
middle and right lanes. The differential analysis numbers (last column in Table 5-42) 
also shows safety level by using numbers. It can also be easier and can help with 
quantification.  
 
Table 5-42 MWZ arterial crash distribution by Lane 
Closed lane 
# 
Crash Schedule Schedule% - Crash% 
frequency % days % 
Lane No. 1 
(left lane) 
12 46.2 99 60.4 14.2 
Lane No.2 6 23.1 3 1.8 -21.3 
Lane larger 
than No. 2 
5 19.2 1 0.6 -18.6 
Shoulder 0 0.0 61 37.2 37.2 
Total 26 100.0 164 100.0 / 
           Tip: 3 crashes has empty data 
 
 
Figure 5-18 MWZ arterial crash distribution by lane 
 
    5.4.2.2.    Speed limit  
From the data of the accident statistic, according to the speed limit section, in the cases 
of Under 55MPH and 55 MPH speed limit sections, the number of accidents occurred 
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was relatively high, with 13 and 9 respectively, accounting for 50.0% and 34.6% of the 
total. In addition, except for the 65 MPH speed limit section there were 4 accidents 
occurring and no accident occurred in other cases. From the schedule point of view, work 
arrangement is mainly arranged at and below 55MPH speed limit. Especially under 
55MPH, which has a larger working day, accounting for nearly 90% of the total. See 
Table 5-43 for details. 
Talking about under which speed limit section is the safest or most dangerous, it uses 
same method as previously mentioned, “differential analysis” values. It is clear to see that 
except for the 55MPH and 45MPH which has negative values, all other categories show 
highly safer levels. See Table 5-43 and Figure 5-19.  
Table 5-43MWZ arterial crash distribution by speed limit 
Speed limit 
(MPH) 
Crash Schedule 
Schedule% - Crash% 
frequency % days % 
70 0 0 0 0 0.0 
65 4 15.4 2 1.2 -14.2 
60 0 0 0 0 0.0 
55 9 34.6 15 9.1 -25.5 
Under 
55 
50 0 0 19 11.6 11.6 
45 0 0 26 15.9 15.9 
Under 45 13 50.0 102 62.2 62.2 
Sum 13 50.0 147 89.6 39.6 
Total 26 100 164 100 / 
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Figure 5-19 MWZ arterial crash distribution by speed limit 
 
 
5.5.  SWZs’ crash features 
There are total 22 crashes recorded in SWZs, of which 12 happened under freeways, 
accounting for 54.5%; 10 happened in arterials, accounting for 45.5%. There is no 
significant difference between the number of highway and arterial accidents. 
Due to the limitation of data, the recorded accident sample size involving highways 
and arterials are all relatively small. At the same time, there is also lack of corresponding 
SWZs working schedule data for comparison. Therefore, the following TMA-related 
accidents in SWZs' situation only did a simple accident analysis. 
 
5.5.1. Time distribution (SWZ) 
   5.5.1.1.    Month  
From the statistics of TMA-related accidents in SWZs, whether it is a highway or a 
general road, the distribution of accidents in each month is relatively balanced, with one 
to two times per month, and at most three times. The peak month is located at March, and 
only march recorded 3 crashes. Table 5-44 shows detail. 
Table 5-44 SWZs TMA Crash Frequency based on Month 
Month  
Freeway: Arterial: 
Crash % Crash % 
January 2 16.7  1 10.0  
February 0 0.0  1 10.0  
March 1 8.3  3 30.0  
April 2 16.7  2 20.0  
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May 1 8.3  0 0.0  
June 2 16.7  0 0.0  
July 0 0.0  0 0.0  
August 1 8.3  0 0.0  
September 1 8.3  0 0.0  
October 2 16.7  1 10.0  
November 0 0.0  1 10.0  
December 0 0.0  1 10.0  
Total 12 100.0  10 100.0 
 
   5.5.1.2.    Day of the week 
Generally, from the statistics of TMA SWZs' related crashes, on the expressway side 
except for Friday and Weekends, Thursday is the “accident-prone day” for up to 6 
crashes occurring on Thursday, which accounted for half of the total number of accidents. 
Other days are more balanced. On highway side, except for Weekends and Monday, 
Thursday recorded the greatest number of crashes, as many as four, accounting for 40% 
of total accidents. See Table 5-45. 
Table 5-45 SWZs TMA Crash Frequency based on weekdays 
week 
Freeway: Arterial: 
Crash % Crash % 
Sunday 0 0.0  0 0.0  
Monday 2 16.7  0 0.0  
Tuesday 2 16.7  4 40.0  
Wednesday 2 16.7  3 30.0  
Thursday 6 50.0  2 20.0  
Friday 0 0.0  1 10.0  
Saturday 0 0.0  0 0.0  
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Total 12 100.0  10 100.0 
 
   5.5.1.3.    Time 
In the time aspect, it can be seen in freeway area, among the 12 accidents, except for 2 
empty data, the rest of the crashes are basically in the morning (only 1 at noon, 1 in 
afternoon). Among them, 10:00-11:00 a.m. are the peak period of accidents, accounting 
for one fourth of all accidents; in arterial, accidents mainly occur after 10:00 a.m., and the 
peak period of the accident is the same as that of the expressway, time period of 10:00-
11:00 a.m. Among the 10 incidents, 4 occurred during this period, accounting for 40% of 
all accidents. See Table 5-46. 
 
Table 5-46 SWZs TMA Crash Frequency based on time 
Time 
Freeway: Arterial: 
Crash % Crash % 
8:00-9:00 1 8.3 0 0.0 
9:00-10:00 2 16.7 0 0.0 
10:00-11:00 3 25.0 4 40.0 
11:00-12:00 2 16.7 1 10.0 
12:00-13:00 1 8.3 1 10.0 
after 13:00 1 8.3 4 40.0 
empty data 2 16.7 0 0.0 
Total 12 100.0 10 100.0 
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5.5.2. Spatial distribution (SWZ) 
   5.5.2.1.    Regional distribution 
From regional aspect, whether it is a freeway or an arterial, the accident mainly occurs 
in two areas, St. Louis and Kansas City. In the 12 accidents that occurred on freeway 
area, these two areas each accounted for half of the total accidents, which is 80% of the 
total accidents. Especially in St. Louis, which recorded 60% of the total accidents. See 
Table 5-47. As already shown in the previous analysis of MWZs': these two regions are 
the two most populous out of the seven regions, accounting for 1/3 and 1/5 of the total 
population respectively.  
Table 5-47 SWZs TMA Crash Frequency based on regional distribution 
Origins 
Freeway: Arterial: 
Crash % Crash % 
NW 0 0.0  1 10.0  
NE 0 0.0  1 10.0  
KC 6 50.0  2 20.0  
CD 0 0.0  0 0.0  
SL 6 50.0  6 60.0  
SW 0 0.0  0 0.0  
SE 0 0.0  0 0.0  
Total 12 100.0  10 100.0 
 
 
   5.5.2.2.    Closed lane 
From statistics, the characteristics of freeway and arterial accidents are relatively close, 
accidents are mainly concentrated on the lane No. 1, which is 41.7% and 60.0% 
respectively. The accident frequency occurred on the freeway lane more than No.2 
situation is also not small compared to other situations. See Table 5-48. 
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Table 5-48 SWZs TMA Crash Frequency based on closed lane 
 
 
 
   5.5.2.3.    Speed limit  
From the statistics of TMA-related accidents in SWZs, the characteristics of freeway 
and arterial accidents are relatively consistent. Accidents occurred more frequently under 
60 MPH speed limit sections, accounting for 33.3% and 40% of the total accidents 
respectively. The 70 MPH speed limit is less likely to occur, and accident records under 
other speed limits sections are more balanced. See Table 5-49. 
Table 5-49 SWZs TMA Crash Frequency based on speed limit sections 
Speed limit 
(MPH) 
Freeway: Arterial: 
Crash % Crash % 
70 1 8.3  1 10.0  
65 2 16.7  2 20.0  
60 4 33.3  4 40.0  
Below 60 3 25.0  2 20.0  
NA 2 16.7  1 10.0  
Total 12 100.0  10 100.0  
 
 
 
 
 
 
 
happened lane 
Freeway: Arterial: 
Crash % Crash % 
Lane No. 1 5 41.7  6 60.0  
Lane No. 2  1 8.3  2 20.0  
More than No. 2 4 33.3  1 10.0  
SHOULDER 0 0.0  0 0.0  
NA 2 16.7  1 10.0  
Total 12 100.0  10 100.0 
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6. CHAPTER 6 CONCLUDING REMARKS  
6.1. Main research results and innovation points 
➢ Re-clarify the Mobile work zone and stationary work zone definition 
Since the definition between Mobile work zones and Stationary work zones are not 
clear enough which sometimes caused public misunderstanding and from the side 
extended public response time for WZs, hence making a false judgment. Also, it affects 
the accuracy of staff's record of accidents (through claim report), thus affecting the 
subsequent analysis of the accident. In this paper, we re-clarify definitions between these 
two reports which is the first thing to do for guaranteeing the accuracy of the whole 
research, and also laying foundations for further works.  
➢ Scientific classification and integration of raw data and summing up the 
conclusions that remain important in accidents.  
According to the location of the lane where accident occurred and the location of the 
TMA working group hitting position, all crash data were scientifically classified, and 
nine groups classification results were obtained (See Freeway MWZs crashes grouping 
details). This approach can effectively sort out the chaotic accidents, easy to grasp the 
key in safety work and clear direction for further research on the cause of the accident, 
which is also a good way to provide an important base and reference for safety 
production and risk management in TMA working group operations.  
From the classification results (See Table 6-1), it can be seen that in a total of 91 
accidents, Group1 (located in the first lane, hitting the left rear of the TMA vehicle) had 
the most accidents, 35 cases, accounting for 38.46% of the total number of accidents; The 
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Group7 (located in the extreme right lane, hitting the left rear of the TMA) and Group4 
(located in the second lane, hitting the left rear of the TMA) has 24 and 22 respectively, 
accounting for 26.37% and 22.68% of the total number of accidents. This indicates that 
the safety of the first lane should be paid more attention. In addition, the safety protection 
of the left rear of the TMA car should be strengthened. 
Table 6-1 Freeway MWZs crashes grouping details 
Groups Number of crashes Percentage (%) 
Group1 35 38.46 
Group2 0 0 
Group3 1 1.1 
Group4 22 22.68 
Group5 0 0 
Group6 0 0 
Group7 24 26.37 
Group8 5 5.49 
Group9 0 0 
Special situations 4 4.4 
SUM 91 100 
 Note: all detailed data in above table can be seen in chapter 2 
➢ Created a unique set of "safety analysis and evaluation methods for TMA-
related accident in MWZs" – Differential Analysis Method 
According to the correlation between crashes and working schedules, we designed a 
set of relatively complete safety analysis and evaluation methods for TMA-related traffic 
accidents. Under MWZs, which is through the large amount of crashes data and MWZs 
working schedules matching process, the relevant data is comprehensively analyzed and 
calculated systematically. And according to the calculated corresponding difference, an 
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intuitive evaluation result is formed according to the set of evaluation criteria. It provides 
an important reference for the MWZs safety level, TMA-group management, supervision 
and prevention of TMA-group accident. The specific process is as follows: 1) 
Classification and statistical analysis of crashes and working schedules related data; 2) 
Calculate the percentage of various situations (different types of work under various 
features); 3) Calculate the difference in the percentage of Crashes and Schedule in 
various cases; 4) According to the evaluation criteria, the calculated differences is 
evaluated for safety; 5) Formed the final evaluation result. 
➢ Researching and presenting the current safety situation in various situations 
of TMA-group operations, and discovering its important safety hazards and 
weakening situations. Providing an important base for the corresponding 
preventive measures for the work of the TMA-group.  
According to the various combinations of Patching, Striping, Sweeping, Mowing and 
Roadside work in the background of months, weekdays, lanes and speed limit sections, 
through the analysis and calculation of various combinations, this research is judging 
TMA related crash safety levels in different combinations according to the “differential 
analysis method”. The results of various situations and safety levels in general obtained, 
as detailed in the summary of evaluation results. 
Overall, those TMA-groups safety level is in a good condition. Within the total 181 
analyzed situations, after comprehensive analysis and evaluation, 97 cases are belonging 
to normal conditions, accounting for more than a half; absolutely safe, very safe and 
relatively safe conditions and in total have 66 cases. Combined with normal conditions, 
safe-related levels and normal levels have total 165 cases, which occupied 90% of total. 
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However, the crashes in not so safe and with very unsafe situations, we see total of 16 
cases, only occupying 10%.  
Through further analysis, it is also found that there are safety hazards in some 
important cases in the TMA-group. Roadside work’s total safety hazards are more serious 
compared with other types of work, for the proportion of the schedule in this type of 
work is very low, only 4.53%, but in the total of 12 cases in unsafe categories, 7 of them 
belong to roadside work, which is more than half of the total. At the same time, in the 
total of 6 very unsafe situations, there are 3 times that belong to roadside work, 
accounting for a half. Roadside work is the weakest part of the TMA-group, which 
should be paid enough attention and further needs to be strengthened. (See Table 6-2) 
Table 6-2 Summary of overall evaluation results 
Safety level 
Component 
Sum 
Patching Striping Sweeping 
Mowing and roadside work 
Mowing Roadside work 
Absolutely safe 11 12 9 11 7 50 
Very safe 5 0 0 0 0 5 
Relatively safe  4 6 1 0 0 11 
Normal 8 9 19 48 13 97 
Not safe 2 2 1 0 7 12 
Very unsafe 2 1 0 0 3 6 
Total 32 30 30 59 30 181 
 
➢ From the perspective of time distribution, the occurrence of accidents is 
mainly concentrated in the noon time period. 
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Among the TMA-related crashes analysis progress, because of the data limitation and 
in the case of time distribution, there is a lack of matching of the corresponding schedule 
data, and only a simple analysis can be performed. 
Judging from the distribution of 24-hour accidents, more accidents are concentrated at 
daytime. According to the accident time distribution statistics, in the 12-hour period from 
7:00 am to 19:00 pm, the accidents accounted for 95.5% of the total number of days, 
especially the time periods from 9:00 am to 14:00 pm. Nearly 80% of the total number of 
accidents occurred throughout the day. 
➢ From the perspective of regional distribution, the frequency of accidents is 
directly proportional to the number of people, and there is no obvious 
correlation with the area. 
Similarly, because of the limitation of data, in the accident analysis of the TMA-group 
distributed by region, there is no matching of the corresponding schedule data. In order to 
make the analysis result more objective and accurate, data of population, regional areas, 
etc. in the Missouri state are collected online. By sorting those data and making the data 
corresponding to the population and area of the same caliber as the accident area, a 
comparative analysis was carried out. 
Judging from the regional distribution of accidents, the frequency of accidents is 
proportional to the population. The populations of St. Louis, Kansas City and Southwest 
are among the top three, and the accidents are relatively larger. The frequency of 
accidents has no obvious correlation with the area, that is: the area is large, but the 
accident frequency is not necessarily large.   
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6.2. Questions and suggestions  
1. Number of accidents and work plan related data are shorter in years. The 
respective years of these two kinds of data are not docked. 
The TMA-related crash data is consisting of six consecutive years from 2012 to 2017, 
and the TMA working schedules data is the statistics for two consecutive years from 
2015 to 2016. On the one hand, the data is continuous for a short period of time, the 
longest is only 6 years. The sample data is less, resulting in higher contingency and lower 
internal regularity. In addition, due to the data mismatch, the two sets of data are not 
describing exactly the same years therefore, it is not possible to use the corresponding 
absolute number for comparative analysis. Only the relative number can be used for 
comparative analysis, which will inevitably lead to some deviations in some analysis 
results.  
2. The corresponding information on arterials is relatively lacking. 
According to the available information, working schedules data under arterials account 
for less than 1% of all schedules, accounting for 16% of all accidents. Due to the lack of 
arterial data, the analysis of arterial accidents is relatively simple, and it is not possible to 
carry out comprehensive and in-depth analysis and research on the entire road system, 
which is not perfect from the scope of research. 
3. Limitations of analysis by region and time distribution.  
In this project, when analyzing the TMA-related accidents by region and time, there is 
no existence of corresponding schedule data (For example: time of a day, regions). So, 
the analysis of those factors cannot use “differential analysis” method. The scientific and 
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reliability of the results have some deviations to some degrees. This is where the future 
TMA-related accidents analysis research needs to be improved.  
4. Lack of support for traffic volume related data for the corresponding accident 
section.  
For the vehicles running on the road, the traffic volume (or use ADT or AADT to 
express) on the road is also an important factor affecting the traffic safety. Larger the 
traffic volume, the higher the possibility of causing an accident. So, the traffic volume is 
a very important factor for accident analysis. The research of this paper has greatly 
affected the research results of this topic due to the lack of support of traffic volume data 
related to each crash. Although through road information provided by MODOT, AADT 
can be roughly find based on road name, the accuracy is still been reflected. 
5. Did not form a TMA accident safety assessment system software. 
For the first time, this project conducted a comprehensive and systematic analysis of 
the safety situation of the TMA-group and designed a relatively complete TMA accident 
safety evaluation system. If time permits, programming in a computer language can be 
used to form a TMA accident safety assessment system software. That is, through the 
collection of time-related data for a certain area, the computer software is used for 
analysis and for calculating the TMA-related accidents, fully mastering the safety status 
of the TMA-group and working out a comprehensive evaluation result.  
Due to the time limitations, this paper did not achieve a TMA accident safety 
assessment system software at this point. And this will become a new topic for further 
research in next phase. 
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TOPIC 2: USING MACHINE LEARNING TO PREDICT 
CRASH SEVERITY AND CRASH FREQUENCY IN THE 
STATE OF MISSOURI 
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1. CHAPTER 1: LITERATURE REVIEW  
Machine learning has become wildly used in Transportation safety research in recent 
years. Beshah (2011) successfully achieved accident data understanding and analysis to 
the road user behaviors by using Classification and Adaptive Regression Trees (CART) 
and Random Forest approaches. However, more researchers using machine learning 
approach concentrating on two aspects, accident severity forecasting and crash frequency 
prediction.  
A common approach in crash severity modeling and prediction is using statistical 
prediction tools. With the development of machine learning, some researchers start using 
hybrid learning approaches, Support Vector Machines (SVM), Decision Trees and 
Hybrid Decision Tree-ANN implementing the severity of injuries (5 categories) 
classification (Beshah et al., 2011). Although the combined model (Hybrid Decision 
Tree-ANN) did a good job on fatal and incapacitating-injury, it still lacks a chance to see 
whether a single use of a ML model can work out a highly accurate result.  
A traditional method to predict crash frequency is using SPF (Safety performance 
function), which using AADT and segment length as two main factors consist of different 
statistic distribution trends. Unlikely to the traditional prediction method’s curve fitting 
process, machine learning is more concentrated on using data “experience” and factors 
weighing to do the crash prediction. With the help of big data, machine learning can 
highly improve the accuracy of prediction. The following study addresses safety analysis 
of crash frequency prediction using machine learning in different situations. Among 
existing studies, a new machine learning technique Deep learning or call deep neural 
network (DNN) can learn very complex functions with the higher layers of representation 
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of the inputs (Yann LeCun et al., 2015), Deep Belief Network (DBN) is a good example. 
As one of the most popular approaches in DNN, DBN can mimic human brains cognitive 
and obtain a better-distributed representation of the input data without requiring training 
data. It can be trained to produce the desired result of predicting crash frequency with the 
assisted use of Bayesian regression (Pan et al., 2017). However, to some extent, DBN 
model is still too shadowy to use for it doesn’t have third dimensional attributes. Also, as 
an unsupervised learning approach, the capability of creating a multimodal representation 
even under missing image data modalities situation usually will cause an unstable 
prediction and reduce the model accuracy.  
Another deep learning method was showed by Maher et al., (2017) who successfully 
used Recurrent Neural Network (RNN) for traffic accident severity prediction. RNN is a 
supervised learning approach which can solve the unstable prediction problem and 
improve the accuracy.  
This paper will investigate Deep learning usage/application both in forecasting the 
number of accidents at a specific location under specific conditions and a prediction of 
crash severity.  
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2. CHAPTER 2: RESEARCH STRUCTURE AND GENERAL 
DATA ANALYSIS 
2.1. Research structure 
This research will mainly focus on how to improve the traditional crash prediction 
method by using new machine learning technique. After a specific literature review 
process, it becomes clear that several existing ML crash prediction method shows some 
short comings especially facing with the big data. A new idea about using unsupervised 
DL model predict both crash severity and crash frequency in specific areas considering 
all possible influencing factors that came out. Based on original feature of DL model that 
is using big data and those data experiences teach machine do a deeper thinking and 
analysis, the prediction outcomes will achieve a higher improvement than the traditional 
SPF prediction (statistic ideology) or the fitting equations (mathematic ideology). This 
paper will be described how to use LSTM deep learning model do crash related 
predictions. 
Both crash severity and crash frequency prediction are followed by four steps: data 
cleaning and grouping; training and validation progress; coefficient optimization 
progress; testing and result. Following sections will introduce how the whole project was 
processed.  
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2.2. General data analysis 
The data used in this research is provided by MODOT from year 2011 to 2016 from 
the state of Missouri. Data consisted of two components, crash data and pavement 
information data. Both of these two data have a same column called “KEY”, which can 
match use. For example, for each single crash data, pavement information can be found 
in pavement information data file for complete crash situations.  
Data cleaning is a big process and important step in deep learning. First of all, pick 20 
factors, which seem the one that will influence crash frequency or severity through 
physical feature. Some factors are using original numbers (such as AADT, lane width) 
and some need to make a simple grouping by levels (such as weather, road surface type, 
season and so forth), which caused few rules made (See Appendix). Because order is also 
important in this model, and the data is not strictly following time, the order were on 
priority ordered by year, then by season, then by segment length.  
Before modeling, first separate data into three groups for training, validation and 
testing. For easy understanding, here we used previous 5 years (2011-2015) data for 
training and validation and the year 2016 data for testing. Among the five years data, we 
used the first 90% for training and the remaining 10% for validation.  
Then, in case of avoiding correlated factors, we checked how those picked factors 
influenced by each other and omitted some highly correlated ones (as there is no need for 
indicating similar influencing components by using two factors). Based on the following 
picture (See Figure 2-1), darker color show a highly correlated relationship between two 
factors. Generally, all picked factors are all good to use, except the “road condition” and 
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the “weather”. So, we omit “road condition” weather can somehow express the “road 
condition” influencing to the severity prediction.  
 
 
Figure 2-1 Factor correlations 
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3. CHAPTER 3: SEVERITY PREDICTION  
3.1. Training and validation result 
After all the previous data cleaning process, there were a total of 17 factors that were 
used in the crash severity section. Crash severity can generally be summarized in 5 levels, 
which uses 0 as undetermined, 1 as property damage only; 2 indicating minor injury; 3 
indicating disabling injury; and 4 as fatal. Total data pattern by severity level can be seen 
in Figure 3-1. 
It can be seen in the following graphs, in different type of roads, the pattern of crash 
severity is not quite similar, especially in one-way major road. This also shows in 
different road type, severity of occurring crashes will be influenced differently.  
 
Figure 3-1 Crash severity pattern by years and four road types 
 
Training and validation result can be seen in Figure 3-2 and Figure 3-3. The green 
colored diagnosis shows correct predicted by LSTM model. When predicted level is one 
level higher than the actual value, it indicates that although the model does not correctly 
predict, the prediction result is still under accepted range. We use yellow shade to express 
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this kind of situation. However, while predicted value is more than one level higher than 
actual value or the predicted value is lower than the actual value, it shows that those 
predictions are not accepted. In another words it can be indicated as prediction failures. 
Because those under prediction of severity will cause transportation managers unprepared 
and they might underestimate the dangerous levels of such situations. Similarity, those 
with more than one level over prediction of severity will cause an overestimating concern 
for transportation researchers to improve the road safety level in the specific conditions.  
 
Figure 3-2 Training and validation result from year 2011 to 2015 
 
 
Figure 3-3 Training and validation result separated by different road types 
 
All those above results show a relatively accurate result especially in two-lane major 
and one-way major road situations, none of the over or under estimating predictions 
occurred. Although other kind of roads still have wrong predicted occurrence, percentage 
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of un-acceptance prediction is low. Following line chart between loss and epochs also 
show a high prediction accuracy.  
 
 
Figure 3-4 Training and validation losses by epochs (crash severity prediction) 
 
3.2. Coefficient optimization 
In case of providing a more accurate result, several LSTM model coefficients were 
checked in for different values of optimization. See Figure 3-5, Figure 3-6, Figure 3-7.  
 
 
Figure 3-5 optimization of epochs and dropout 
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Figure 3-6 optimization of sequence length and decay 
 
 
Figure 3-7 optimization of neurons 
 
Overall, previous works worked out the best severity LSTM model and were equipped 
with following factor values: 
• Decay: 0.5 
• Dropout: 0.3 
• Sequence length: 150 
• Epochs: 500 
• Neurons: [128,128,16,1] 
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3.3. Testing result  
Use above model, testing result in year 2016 is followed. See Figure 3-8 and Figure 3-
9.  
 
Figure 3-8 testing result in year 2016 
 
 
Figure 3-9 testing result separated by different road types 
 
Result shows that this model still worked out giving out a good result in one-way 
major road situation. Although in other situations the testing result is not as accurate as 
the model performed in validation progress, they still can properly predict majority part 
of the sample data, and less of one more over or under severity level estimation occurred.  
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4. CHAPTER 4: CRASH FREQUENCY PREDICTION  
4.1. Training and validation 
The approach of predicting crash severity and crash frequency are similar, the only 
differences is in reducing sample size and combining the number of accidents that 
occurred under similar conditions. A data of combination steps were made during the 
data cleaning part. Figure 4-1 shows pattern of the number of accidents occurring in 
different specific situations ordered by year, season, and segment lengths.  
 
Figure 4-1 Crash frequency pattern by years and four road types 
 
Figure 4-2 training and validation losses by epochs (crash frequency prediction) 
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However, the result by only using the previous method shows a lower accuracy level 
based on the differences between crash severity and crash frequency in nature. Here, by 
adjusting the previous model by adding a factor called “accnopre”, which is generated 
from the previous year accident numbers. This column aims to express how the specific 
situations caused crashes in previous years, which can lead machine accept more 
information and give machine prediction guidance for the current year crash frequency 
prediction.  
Testing and validation result can be seen in Figure 4-3, which shows that this model 
can properly predict crash frequencies within 15 occurrence situations, some high 
occurring crash situations are easily underestimated. Even then we obtained the 
validation accuracy by counted usage of MSE and MASE as 1.7186 and 1.0642 
separately.  
 
Figure 4-3 Training and validation result from year 2011 to 2015 
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4.2. Coefficient optimization  
In case of providing a more accurate result, several LSTM model coefficients were 
checked in for different values for an optimization. See Figure 4-4, Figure 4-5, Figure 
4-6.  
 
 
Figure 4-4 optimization of epochs and dropout 
 
 
Figure 4-5 optimization of sequence length and decay 
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Figure 4-6 optimization of neurons 
 
Overall, all the previous work worked out the best for crash frequency prediction using 
LSTM model that were equipped with following factor values: 
• Decay: 0.3 
• Dropout: 0.2 
• Sequence length: 200 
• Epochs: 1000 
• Neurons: [128,128,32,1] 
 
4.3. Testing 
By continued use of optimized model for testing data in year 2016, prediction result can 
be seen in Figure 4-7.  
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Figure 4-7 testing result for crash frequency model in year 2016 
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5. CHAPTER 5: QUESTIONS AND FURTHER RESEARCH 
DIRECTION SUGGESTIONS 
Result improvement can be summarized as follows: 
1. In data cleaning level: 
(1). Although we separate roads into several categories as freeway, two-lane major, 
two-lane minor, one way major, and so forth, this separation method is still too coarse for 
LSTM model.  
(2). In crash frequency prediction model, the step of data combination is crucial in this 
model usage and highly influenced the result accuracy. As mentioned, this research data 
is not strictly obeying time ordered and model only performed well within 15 crash 
frequency levels, which made a general guess about further data generation directions. 
(3). The probability changes for amount of accidents in each specific situation between 
years. One phenomenon can prove this hypothesis is when we tried only using year 2015 
and 2016 data, without separating by years, we see the predicted result is highly similar 
with the real crash frequency as seen from the picture below.  
 
Figure 5-1 result by only use year 2015 and 2016 data 
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2. In model building level: 
(1). Several add-in models consider using to make up the lack of LSTM model dealing 
numbers ability.  
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APPENDIX: 
A:  All crash analysis related tables  
1．Crashes  
1.1 Freeway 
1.1.1 Month 
 
Table 1   Freeway crashes by month 
month Total  
Component 
Patching Striping Sweeping 
Mowing and roadside work 
Mowing 
Roadside work 
(marking and others) 
Jan 5 2 0 0 0 3 
Feb 5 4 0 0 0 1 
Mar 14 6 0 1 0 7 
Apr 14 1 5 2 0 6 
May 7 0 2 3 0 2 
Jun 6 0 2 0 3 1 
Jul 11 2 2 2 3 2 
Aug 6 0 1 1 0 4 
Sep 5 0 2 3 0 0 
Oct 7 1 1 1 0 4 
Nov 5 3 0 0 0 2 
Dec 6 4 0 1 0 1 
Total 91 23 15 14 6 33 
 
 
Table 2   Freeway crashes by month (Portrait version) (%) 
month Total  
Component 
Patching Striping Sweeping 
Mowing and roadside work 
Mowing 
Roadside work 
(marking and others) 
Jan 5.49  8.70  0.00  0.00  0.00  9.09  
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Feb 5.49  17.39  0.00  0.00  0.00  3.03  
Mar 15.38  26.09  0.00  7.14  0.00  21.21  
Apr 15.38  4.35  33.33  14.29  0.00  18.18  
May 8.79  0.00  13.33  21.43  0.00  6.06  
Jun 5.49  0.00  13.33  0.00  50.00  3.03  
Jul 10.99  8.70  13.33  14.29  50.00  6.06  
Aug 6.59  0.00  6.67  7.14  0.00  12.12  
Sep 5.49  0.00  13.33  21.43  0.00  0.00  
Oct 7.69  4.35  6.67  7.14  0.00  12.12  
Nov 6.59  13.04  0.00  0.00  0.00  6.06  
Dec 6.59  17.39  0.00  7.14  0.00  3.03  
Total 100.00  100.00  100.00  100.00  100.00  100.00  
 
 
Table 3   Freeway crashes by month (Landscape version) (%) 
Month Total 
Component 
Patching Striping Sweeping 
Mowing and roadside work 
Mowing 
Roadside work 
(marking and others) 
Jan 100.00  40.00  0.00  0.00  0.00  60.00  
Feb 100.00  80.00  0.00  0.00  0.00  20.00  
Mar 100.00  42.86  0.00  7.14  0.00  50.00  
Apr 100.00  7.14  35.71  14.29  0.00  42.86  
May 100.00  0.00  28.57  42.86  0.00  28.57  
Jun 100.00  0.00  33.33  0.00  50.00  16.67  
Jul 100.00  18.18  18.18  18.18  27.27  18.18  
Aug 100.00  0.00  16.67  16.67  0.00  66.67  
Sep 100.00  0.00  40.00  60.00  0.00  0.00  
Oct 100.00  14.29  14.29  14.29  0.00  57.14  
Nov 100.00  60.00  0.00  0.00  0.00  40.00  
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Dec 100.00  66.67  0.00  16.67  0.00  16.67  
Total 100.00  25.27  16.48  15.38  6.59  36.26  
 
1.1.2 Closed lane # 
 
Table 4 Freeway crashes by lane 
Closed lane # Total 
Component 
Patching Striping Sweeping 
Mowing and roadside work 
Mowing 
Roadside work 
(marking and others) 
1(left lane) 39 4 9 8 4 14 
2 25 11 4 0 1 9 
3 19 5 1 4 0 9 
Larger than 3 1 1 0 0 0 0 
Shoulder 1 0 0 0 0 1 
N/A 6 2 1 2 1  
Total 91 23 15 14 6 33 
 
Table 5 Freeway crashes by lane (Portrait version) (%) 
Closed lane # Total 
Component 
Patching  Striping  Sweeping  
Mowing and roadside work 
Mowing  
Roadside work 
(marking and others) 
1(left lane) 42.86  17.39  60.00  57.14  66.67  42.42  
2 27.47  47.83  26.67  0.00  16.67  27.27  
3 20.88  21.74  6.67  28.57  0.00  27.27  
Larger than 3 1.10  4.35  0.00  0.00  0.00  0.00  
Shoulder 1.10  0.00  0.00  0.00  0.00  3.03  
Total 100.00  100.00  100.00  100.00  100.00  100.00  
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Table 6   Freeway crashes by lane (Landscape version) (%) 
Closed lane # Total 
Component 
Patching  Striping  Sweeping  
Mowing and roadside work 
Mowing  
Roadside work 
(marking and others) 
1(left lane) 100.00  10.26  23.08  20.51  10.26  35.90  
2 100.00  44.00  16.00  0.00  4.00  36.00  
3 100.00  26.32  5.26  21.05  0.00  47.37  
Larger than 3 100.00  100.00  0.00  0.00  0.00  0.00  
Shoulder 100.00  0.00  0.00  0.00  0.00  100.00  
Total 100.00  25.27  16.48  15.38  6.59  36.26  
 
1.1.3 Speed limit (MPH) 
 
Table 7   Freeway crashes by Speed limit (MPH) 
Speed limit 
 (MPH) 
Total 
Component 
Patching Striping Sweeping 
Mowing and roadside work 
Mowing 
Roadside work 
(marking and others) 
70 30 1 10 0 3 16 
65 11 8 0 2 1 0 
60 35 13 2 8 1 11 
Under 
60 
55 0 0 0 0 0 0 
50 0 0 0 0 0 0 
45 0 0 0 0 0 0 
Under 45 15 1 3 4 1 6 
sum 15 1 3 4 1 6 
Total 91 23 15 14 6 33 
 
Table 8   Freeway crashes by Speed limit (MPH)（ Portrait version） (%) 
Speed limit 
 (MPH)  
Total 
Component 
Patching Striping Sweeping 
Mowing and roadside work 
Mowing 
Roadside work 
(marking and others) 
70 32.97  4.35  66.67  0.00  50.00  48.48  
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65 12.09  34.78  0.00  14.29  16.67  0.00  
60 38.46  56.52  13.33  57.14  16.67  33.33  
Under 
60 
55 0.00  0.00  0.00  0.00  0.00  0.00  
50 0.00  0.00  0.00  0.00  0.00  0.00  
45 0.00  0.00  0.00  0.00  0.00  0.00  
Under 45 16.48  4.35  20.00  28.57  16.67  18.18  
sum 16.48  4.35  20.00  28.57  16.67  18.18  
Total 100.00  100.00  100.00  100.00  100.00  100.00  
 
 
 
 
 
Table9   Freeway crashes by Speed limit (MPH) (Landscape version) (%) 
Speed limit 
 (MPH)  
Total 
Component 
Patching Striping Sweeping 
Mowing and roadside work 
Mowing 
Roadside work 
(marking and others) 
70 100.00  3.33  33.33  0.00  10.00  53.33  
65 100.00  72.73  0.00  18.18  9.09  0.00  
60 100.00  37.14  5.71  22.86  2.86  31.43  
Under 
60 
55 0 0 0 0 0.00 0.00 
50 0 0 0 0 0.00 0.00 
45 0 0 0 0 0.00 0.00 
Under 45 100.00 6.67  20.00  26.67  6.67  40.00  
sum 100.00 6.67  20.00  26.67  6.67  40.00  
Total 100.00  25.27  16.48  15.38  6.59  36.26  
 
1.1.4 Weekdays 
 
Table 10 Freeway (day of the week) crash frequency (%) 
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Weekdays Total 
Component 
Patching Striping Sweeping 
Mowing and roadside work 
Mowing 
Roadside work 
(marking and others) 
Monday 18 5 2 2 2 7 
Tuesday 24 8 3 4 1 8 
Wednesday 19 2 5 1 1 10 
Thursday 18 5 3 3 2 5 
Friday 11 3 2 3 0 3 
Saturday 1 0 0 1 0 0 
Sunday 0 0 0 0 0 0 
Total 91 23 15 14 6 33 
 
Table 11 Freeway (day of the week) crash frequency (Portrait version) (%) 
Weekdays Total 
Component 
Patching Striping Sweeping 
Mowing and roadside work 
Mowing 
Roadside work 
(marking and others) 
Monday 19.78   21.74   13.33   14.29   33.33   21.21   
Tuesday 26.37   34.78   20.00   28.57   16.67   24.24   
Wednesday 20.88   8.70   33.33   7.14   16.67   30.30   
Thursday 19.78   21.74   20.00   21.43   33.33   15.15   
Friday 12.09   13.04   13.33   21.43   0.00   9.09   
Saturday 1.10   0.00   0.00   7.14   0.00   0.00   
Sunday 0.00   0.00   0.00   0.00   0.00   0.00   
Total 100.00   100.00   100.00   100.00   100.00   100.00   
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Table 12 Freeway (day of the week) crash frequency (Landscape version) (%) 
Weekdays Total 
Component 
Patching Striping Sweeping 
Mowing and roadside work 
Mowing 
Roadside work 
(marking and others) 
Monday 100.00   27.78   11.11   11.11   11.11   38.89   
Tuesday 100.00   33.33   12.50   16.67   4.17   33.33   
Wednesday 100.00   10.53   26.32   5.26   5.26   52.63   
Thursday 100.00   27.78   16.67   16.67   11.11   27.78   
Friday 100.00   27.27   18.18   27.27   0.00   27.27   
Saturday 100.00   0.00   0.00   100.00   0.00   0.00   
Sunday 0.00  0.00  0.00  0.00  0.00  0.00  
Total 100.00   25.27   16.48   15.38   6.59   36.26   
 
 
1.2 Arterial 
1.2.1 Month 
 
  Table 13 Arterial crashes by month 
month Total 
Component 
Patching Striping Sweeping 
Mowing and roadside work 
Mowing 
Roadside work 
(marking and others) 
Jan 3 2 0 0 0 1 
Feb 4 2 0 0 0 2 
Mar 2 1 1 0 0 0 
Apr 3 0 1 0 0 2 
May 2 0 1 0 0 1 
Jun 4 0 0 0 1 3 
Jul 2 0 0 1 0 1 
Aug 1 0 0 0 1 0 
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Sep 2 0 1 1 0 0 
Oct 1 0 0 1 0 0 
Nov 1 0 1 0 0 0 
Dec 0 0 0 0 0 0 
Total 26 5 5 3 3 10 
 
 
 
 
 
 
Table14 Arterial crashes by month (Portrait version) (%) 
month Total 
Component 
Patching Striping Sweeping 
Mowing and roadside work 
Mowing 
Roadside work 
(marking and others) 
Jan 11.11  40.00  0.00  0.00  0.00  10.00  
Feb 14.81  40.00  0.00  0.00  0.00  20.00  
Mar 7.41  20.00  20.00  0.00  0.00  0.00  
Apr 11.11  0.00  20.00  0.00  0.00  20.00  
May 7.41  0.00  20.00  0.00  0.00  10.00  
Jun 14.81  0.00  0.00  0.00  33.33  30.00  
Jul 7.41  0.00  0.00  33.33  0.00  10.00  
Aug 3.70  0.00  0.00  0.00  33.33  0.00  
Sep 7.41  0.00  20.00  33.33  0.00  0.00  
Oct 3.70  0.00  0.00  33.33  0.00  0.00  
Nov 3.70  0.00  20.00  0.00  0.00  0.00  
Dec 3.70  0.00  0.00  0.00  0.00  0.00  
Total 100.00  100.00  100.00  100.00  100.00  100.00  
 
Table15 Arterial crashes by month (Landscape version) (%) 
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month Total 
Component 
Patching Striping Sweeping 
Mowing and roadside work 
Mowing 
Roadside work 
(marking and others) 
Jan 100.00  66.67  0.00  0.00  0.00  33.33  
Feb 100.00  50.00  0.00  0.00  0.00  50.00  
Mar 100.00  50.00  50.00  0.00  0.00  0.00  
Apr 100.00  0.00  33.33  0.00  0.00  66.67  
May 100.00  0.00  50.00  0.00  0.00  50.00  
Jun 100.00  0.00  0.00  0.00  25.00  75.00  
Jul 100.00  0.00  0.00  50.00  0.00  50.00  
Aug 100.00  0.00  0.00  0.00  100.00  0.00  
Sep 100.00  0.00  50.00  50.00  0.00  0.00  
Oct 100.00  0.00  0.00  100.00  0.00  0.00  
Nov 100.00  0.00  100.00  0.00  0.00  0.00  
Dec             
Total 100.00  19.23  19.23  11.54  11.54  38.46  
 
 
1.2.2 Closed lane# 
Table16 Arterial crashes by month 
Closed lane # Total 
Component 
Patching  Striping  Sweeping  
Mowing and roadside work 
Mowing  
Roadside work 
(marking and others) 
1(left lane) 12 1 1 0 0 10 
2 6 3 1 0 2 0 
3 0 0 0 0 0 0 
Larger than 3 5 2 1 2 0 0 
Shoulder 0 0 0 0 0 0 
NA 3 2 1    
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Total 26 8 4 2 2 10 
 
 
Table 17 Arterial crashes by month (Portrait version) (%) 
Closed lane # Total 
Component 
Patching  Striping  Sweeping  
Mowing and roadside work 
Mowing  
Roadside work 
(marking and others) 
1(left lane) 46.15  12.50  25.00  0.00  0.00  100.00  
2 23.08  37.50  25.00  0.00  100.00  0.00  
3 0.00  0.00  0.00  0.00  0.00  0.00  
Larger than 3 19.23  25.00  25.00  100.00  0.00  0.00  
Shoulder 0.00  0.00  0.00  0.00  0.00  0.00  
Total 100.00  100.00  100.00  100.00  100.00  100.00  
 
 
Table 18 Arterial crashes by month (Landscape version) (%) 
Closed lane # Total 
Component 
Patching  Striping  Sweeping  
Mowing and roadside work 
Mowing  
Roadside work 
(marking and others) 
1(left lane) 100.00  8.33  8.33  0.00  0.00  83.33  
2 100.00  50.00  16.67  0.00  33.33  0.00  
3 0 0 0 0 0 0 
Larger than 3 100.00  40.00  20.00  40.00  0.00  0.00  
Shoulder 0 0 0 0 0 0 
Total 100.00  30.77  15.38  7.69  7.69  38.46  
 
1.2.3 Speed limit (MPH) 
Table 19   Freeway crashes by Speed limit (MPH) 
Speed limit (MPH) Total Component 
130 
 
Patching Striping Sweeping 
Mowing and roadside work 
Mowing 
Roadside work 
(marking and others) 
70 0 0 0 0 0 0 
65 4 1 3 0 0 0 
60 0 0 0 0 0 0 
55 9 3 0 2 0 4 
Under55 
50 0 0 0 0 0 0 
45 0 0 0 0 0 0 
Under 45 13 2 2 1 2 6 
sum 13 2 2 1 2 6 
Total 26 6 5 3 2 10 
 
 
Table 20   Freeway crashes by Speed limit (MPH) (Portrait version) (%) 
Speed limit (MPH) Total 
Component 
Patching Striping Sweeping 
Mowing and roadside work 
Mowing 
Roadside work 
(marking and others) 
70 0.00  0.00  0.00  0.00  0.00  0.00  
65 15.38  16.67  60.00  0.00  0.00  0.00  
60 0.00  0.00  0.00  0.00  0.00  0.00  
55 34.62  50.00  0.00  66.67  0.00  40.00  
Under55 
50 0.00 0.00 0.00  0.00 0.00  0.00 
45 0.00 0.00  0.00 0.00  0.00 0.00  
Under 45 50.00  33.33  40.00  33.33  100.00  60.00  
sum 50.00  33.33  40.00  33.33  100.00  60.00  
Total 100.00  100.00  100.00  100.00  100.00  100.00  
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Table 21   Freeway crashes by Speed limit (MPH) (Landscape version) (%) 
Speed limit (MPH) 
 (MPH)  
Total 
Component 
Patching Striping Sweeping 
Mowing and roadside work 
Mowing 
Roadside work 
(marking and others) 
70 0 0 0 0 0 0 
65 100.00  25.00  75.00  0.00  0.00  0.00  
60 0 0 0 0 0 0 
Under 
60 
55 100.00  33.33  0.00  22.22  0.00  44.44  
50 0 0 0 0 0 0 
45 0 0 0 0 0 0 
Under 45 100.00  15.38  15.38  7.69  15.38  46.15  
sum 100.00  15.38  15.38  7.69  15.38  46.15  
Total 100.00  23.08  19.23  11.54  7.69  38.46  
 
1.2.4 Weekdays 
Table 22 Arterial (day of the week) crash frequency 
Weekdays Total 
Component 
Patching Striping Sweeping 
Mowing and roadside work 
Mowing 
Roadside work 
(marking and others) 
Monday 9 1 3 1 0 4 
Tuesday 4 0 1 0 1 2 
Wednesday 2 2 0 0 0 0 
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Thursday 7 2 1 2 0 2 
Friday 4 1 0 0 1 2 
Saturday 0 0 0 0 0 0 
Sunday 0 0 0 0 0 0 
Total 26 6 5 3 2 10 
 
 
 
 
 
 
 
 
 
 
 
Table23 Arterial (day of the week) crash frequency (Portrait version) (%) 
Weekdays Total  
Component 
Patching Striping Sweeping 
Mowing and roadside work 
Mowing 
Roadside work 
(marking and others) 
Monday 34.62  16.67  60.00  33.33  0.00  40.00  
Tuesday 15.38  0.00  20.00  0.00  50.00  20.00  
Wednesday 7.69  33.33  0.00  0.00  0.00  0.00  
Thursday 26.92  33.33  20.00  66.67  0.00  20.00  
Friday 15.38  16.67  0.00  0.00  50.00  20.00  
Saturday 0.00  0.00  0.00  0.00  0.00  0.00  
Sunday 0.00  0.00  0.00  0.00  0.00  0.00  
Total 100.00  100.00  100.00  100.00  100.00  100.00  
 
Table24 Arterial (day of the week) crash frequency (Landscape version) (%) 
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Weekdays Total  
Component 
Patching Striping Sweeping 
Mowing and roadside work 
Mowing 
Roadside work 
(marking and others) 
Monday 100.00  11.11  33.33  11.11  0.00  44.44  
Tuesday 100.00  0.00  25.00  0.00  25.00  50.00  
Wednesday 100.00  100.00  0.00  0.00  0.00  0.00  
Thursday 100.00  28.57  14.29  28.57  0.00  28.57  
Friday 100.00  25.00  0.00  0.00  25.00  50.00  
Saturday 0.00  0.00  0.00 0.00  0.00  0.00  
Sunday 0.00 0.00 0.00  0.00 0.00  0.00 
Total 100.00  23.08  19.23  11.54  7.69  38.46  
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2．working schedule 
2.1 Freeway 
2.1.1 Month 
 
Table 25   Freeway schedule by month (%) 
Month Total  
Component 
Patching  Striping  Sweeping  
Mowing and roadside work 
Mowing  
Roadside work 
(marking and others) 
Jan 280 263 4 6 0 7 
Feb 261 239 4 0 0 18 
Mar 678 522 52 73 0 31 
Apr 884 553 13 243 0 75 
May 1633 1182 177 226 0 48 
Jun 2783 2250 190 241 19 83 
Jul 2743 1922 113 349 253 106 
Aug 2857 2158 213 276 191 19 
Sep 3012 1906 489 291 120 206 
Oct 1540 531 574 210 93 132 
Nov 478 68 366 5 0 39 
Dec 185 109 46 8 0 22 
Total 17334 11703 2241 1928 676 786 
 
Table 26   Freeway schedule by month (Portrait version) (%) 
month Total 
Component 
Patching  Striping  Sweeping  
Mowing and roadside work 
Mowing  
Roadside work 
(marking and others) 
Jan 1.62  2.25  0.18  0.31  0.00  0.89  
Feb 1.51  2.04  0.18  0.00  0.00  2.29  
Mar 3.91  4.46  2.32  3.79  0.00  3.94  
Apr 5.10  4.73  0.58  12.60  0.00  9.54  
May 9.42  10.10  7.90  11.72  0.00  6.11  
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Jun 16.06  19.23  8.48  12.50  2.81  10.56  
Jul 15.82  16.42  5.04  18.10  37.43  13.49  
Aug 16.48  18.44  9.50  14.32  28.25  2.42  
Sep 17.38  16.29  21.82  15.09  17.75  26.21  
Oct 8.88  4.54  25.61  10.89  13.76  16.79  
Nov 2.76  0.58  16.33  0.26  0.00  4.96  
Dec 1.07  0.93  2.05  0.41  0.00  2.80  
Total 100.00  100.00  100.00  100.00  100.00  100.00  
 
 
 
 
 
 
 
Table 27   Freeway schedule by month (Landscape version) (%) 
month Total 
Component 
Patching  Striping  Sweeping  
Mowing and roadside work 
Mowing  
Roadside work 
(marking and others) 
Jan 100.00  93.93  1.43  2.14  0.00  2.50  
Feb 100.00  91.57  1.53  0.00  0.00  6.90  
Mar 100.00  76.99  7.67  10.77  0.00  4.57  
Apr 100.00  62.56  1.47  27.49  0.00  8.48  
May 100.00  72.38  10.84  13.84  0.00  2.94  
Jun 100.00  80.85  6.83  8.66  0.68  2.98  
Jul 100.00  70.07  4.12  12.72  9.22  3.86  
Aug 100.00  75.53  7.46  9.66  6.69  0.67  
Sep 100.00  63.28  16.24  9.66  3.98  6.84  
Oct 100.00  34.48  37.27  13.64  6.04  8.57  
Nov 100.00  14.23  76.57  1.05  0.00  8.16  
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Dec 100.00  58.92  24.86  4.32  0.00  11.89  
Total 100.00  67.51  12.93  11.12  3.90  4.53  
 
 
2.1.2 Closed lane # 
 
Table 28   Freeway schedule by closed lane # (%) 
Closed lane # Total 
Component 
Patching Striping Sweeping 
Mowing and roadside work 
Mowing 
Roadside work 
(marking and others) 
1(left lane) 14304 11295 460 1835 70 644 
2 264 182 25 0 2 55 
3 43 36 1 3 0 3 
Larger than 3 24 24 0 0 0 0 
Shoulder 2699 166 1755 90 604 84 
Total 17334 11703 2241 1928 676 786 
 
 
 
 
 
 
 
 
Table 29   Freeway schedule by closed lane # (Portrait version) (%) 
Closed lane # Total 
Component 
Patching Striping Sweeping 
Mowing and roadside work 
Mowing 
Roadside work 
(marking and others) 
1(left lane) 82.52  96.51  20.53  95.18  10.36  81.93  
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2 1.52  1.56  1.12  0.00  0.30  7.00  
3 0.25  0.31  0.04  0.16  0.00  0.38  
Larger than 3 0.14  0.21  0.00  0.00  0.00  0.00  
Shoulder 15.57  1.42  78.31  4.67  89.35  10.69  
Total 100.00  100.00  100.00  100.00  100.00  100.00  
 
Table 30   Freeway schedule by Closed lane # (Landscape version) (%) 
Closed lane # Total 
Component 
Patching Striping Sweeping 
Mowing and roadside work 
Mowing 
Roadside work 
(marking and others) 
1(left lane) 100.00  78.96  3.22  12.83  0.49  4.50  
2 100.00  68.94  9.47  0.00  0.76  20.83  
3 100.00  83.72  2.33  6.98  0.00  6.98  
Larger than 3 100.00  100.00  0.00  0.00  0.00  0.00  
Shoulder 100.00  6.15  65.02  3.33  22.38  3.11  
Total 100.00  67.51  12.93  11.12  3.90  4.53  
 
2.1.3 Speed limit (MPH) 
Table 31 Freeway schedule by Speed limit (MPH) 
Speed limit 
 (MPH)  
Total  
Component 
Patching Striping Sweeping 
Mowing and roadside work 
Mowing 
Roadside work 
(marking and others) 
70 127 40 47 1 26 13 
65 374 35 0 75 264 0 
60 315 133 22 23 22 115 
Under 
60 
55 3037 2410 74 171 268 114 
50 1146 889 138 3 0 116 
45 2101 870 1047 69 13 102 
Under 45 10234 7326 913 1586 83 326 
sum 16518 11495 2172 1829 364 658 
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Total 17334 11703 2241 1928 676 786 
 
 
Table 32 Freeway schedule by speed limit (MPH) (Portrait version) (%) 
Speed limit 
 (MPH)  
Total 
Component 
Patching Striping Sweeping 
Mowing and roadside work 
Mowing 
Roadside work 
(marking and others) 
70 0.73  0.34  2.10  0.05  3.85  1.65  
65 2.16  0.30  0.00  3.89  39.05  0.00  
60 1.82  1.14  0.98  1.19  3.25  14.63  
Under 
60 
55 17.52  20.59  3.30  8.87  39.64  14.50  
50 6.61  7.60  6.16  0.16  0.00  14.76  
45 12.12  7.43  46.72  3.58  1.92  12.98  
Under 45 59.04  62.60  40.74  82.26  12.28  41.48  
sum 95.29  98.22  96.92  94.87  53.85  83.72  
Total 100.00  100.00  100.00  100.00  100.00  100.00  
 
 
Table 33 Freeway schedule by Speed limit (MPH) (Landscape version) (%) 
Speed limit 
 (MPH)  
Total 
Component 
Patching Striping Sweeping 
Mowing and roadside work 
Mowing 
Roadside work 
(marking and others) 
70 100.00  31.50  37.01  0.79  20.47  10.24  
65 100.00  9.36  0.00  20.05  70.59  0.00  
60 100.00  42.22  6.98  7.30  6.98  36.51  
Under 
60 
55 100.00  79.35  2.44  5.63  8.82  3.75  
50 100.00  77.57  12.04  0.26  0.00  10.12  
45 100.00  41.41  49.83  3.28  0.62  4.85  
Under 45 100.00  71.58  8.92  15.50  0.81  3.19  
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sum 100.00  69.59  13.15  11.07  2.20  3.98  
Total 100.00  67.51  12.93  11.12  3.90  4.53  
 
 
 
 
 
 
2.1.4 Weekdays 
 
Table 34 Freeway schedule by Weekdays 
Weekdays Total 
Component 
Patching Striping Sweeping 
Mowing and roadside work 
Mowing 
Roadside work (marking 
and others) 
Monday 3418 2308 442 380 133 155 
Tuesday 3810 2572 493 424 149 173 
Wednesday 3858 2605 499 429 150 175 
Thursday 3729 2518 482 415 145 169 
Friday 2484 1677 321 276 97 113 
Saturday 18 12 2 2 1 1 
Sunday 17 11 2 2 1 1 
Total 17334 11712 2241 1928 676 786 
 
 
Table 36 Freeway schedule by Weekdays (Portrait version) (%) 
Weekdays Total 
Component 
Patching Striping Sweeping Mowing and roadside work 
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Mowing 
Roadside work (marking 
and others) 
Monday 19.72  19.71  19.72  19.71  19.67  19.72  
Tuesday 21.98  21.96  22.00  21.99  22.04  22.01  
Wednesday 22.26  22.24  22.27  22.25  22.19  22.26  
Thursday 21.51  21.50  21.51  21.52  21.45  21.50  
Friday 14.33  14.32  14.32  14.32  14.35  14.38  
Saturday 0.10  0.10  0.09  0.10  0.15  0.13  
Sunday 0.10  0.09  0.09  0.10  0.15  0.13  
Total 100.00  100.00  100.00  100.00  100.00  100.00  
 
 
 
 
 
 
 
 
 
 
 
Table 35 Freeway schedule by Weekdays (Landscape version) (%) 
Weekdays Total  
Component 
Patching Striping Sweeping 
Mowing and roadside work 
Mowing 
Roadside work (marking 
and others) 
Monday 100.00  67.52  12.93  11.12  3.89  4.53  
Tuesday 100.00  67.51  12.94  11.13  3.91  4.54  
Wednesday 100.00  67.52  12.93  11.12  3.89  4.54  
Thursday 100.00  67.52  12.93  11.13  3.89  4.53  
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Friday 100.00  67.51  12.92  11.11  3.90  4.55  
Saturday 100.00  66.67  11.11  11.11  5.56  5.56  
Sunday 100.00  64.71  11.76  11.76  5.88  5.88  
Total 100.00  67.57  12.93  11.12  3.90  4.53  
 
 
2.2 Arterial 
2.2.1 Month 
 
Table 37 Arterial schedule by month (%) 
month Total  
Component 
Patching Striping Sweeping 
Mowing and roadside work 
Mowing 
Roadside work 
(marking and others) 
Jan 1 0 0 0 0 1 
Feb 2 0 0 0 0 2 
Mar 7 5 2 0 0 0 
Apr 6 6 0 0 0 0 
May 49 10 35 0 0 4 
Jun 22 2 3 0 0 17 
Jul 5 3 2 0 0 0 
Aug 32 0 0 2 28 2 
Sep 15 9 0 0 0 6 
Oct 15 2 0 0 0 13 
Nov 4 2 1 0 0 1 
Dec 6 0 1 0 0 5 
Total 164 39 44 2 28 51 
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Table 38 Arterial schedule by month (Portrait version) (%) 
month Total 
Component 
Patching Striping Sweeping 
Mowing and roadside work 
Mowing 
Roadside work 
(marking and others) 
Jan 0.61  0.00  0.00  0.00  0.00  1.96  
Feb 1.22  0.00  0.00  0.00  0.00  3.92  
Mar 4.27  12.82  4.55  0.00  0.00  0.00  
Apr 3.66  15.38  0.00  0.00  0.00  0.00  
May 29.88  25.64  79.55  0.00  0.00  7.84  
Jun 13.41  5.13  6.82  0.00  0.00  33.33  
Jul 3.05  7.69  4.55  0.00  0.00  0.00  
Aug 19.51  0.00  0.00  100.00  100.00  3.92  
Sep 9.15  23.08  0.00  0.00  0.00  11.76  
Oct 9.15  5.13  0.00  0.00  0.00  25.49  
Nov 2.44  5.13  2.27  0.00  0.00  1.96  
Dec 3.66  0.00  2.27  0.00  0.00  9.80  
Total 100.00  100.00  100.00  100.00  100.00  100.00  
 
 
Table 39 Arterial schedule by month (Landscape version) (%) 
month Total 
Component 
Patching Striping Sweeping 
Mowing and roadside work 
Mowing 
Roadside work 
(marking and others) 
Jan 100.00  0.00  0.00  0.00  0.00  100.00  
Feb 100.00  0.00  0.00  0.00  0.00  100.00  
Mar 100.00  71.43  28.57  0.00  0.00  0.00  
Apr 100.00  100.00  0.00  0.00  0.00  0.00  
May 100.00  20.41  71.43  0.00  0.00  8.16  
Jun 100.00  9.09  13.64  0.00  0.00  77.27  
143 
 
Jul 100.00  60.00  40.00  0.00  0.00  0.00  
Aug 100.00  0.00  0.00  6.25  87.50  6.25  
Sep 100.00  60.00  0.00  0.00  0.00  40.00  
Oct 100.00  13.33  0.00  0.00  0.00  86.67  
Nov 100.00  50.00  25.00  0.00  0.00  25.00  
Dec 100.00  0.00  16.67  0.00  0.00  83.33  
Total 100.00  23.78  26.83  1.22  17.07  31.10  
 
2.2.2 Closed lane # 
Table 40   Arterial schedule by Closed lane # 
Closed lane # Total  
Component 
Patching  Striping  Sweeping  
Mowing and roadside work 
Mowing  
Roadside work (marking 
and others) 
1(left lane) 99 31 7 2 44 15 
2 3 1 1 0 1 0 
3 0 0 0 0 0 0 
Larger than 3 1 0 0 0 1 0 
Shoulder 61 7 36 0 5 13 
Total 164 39 44 2 51 28 
 
Table 41 Arterial schedule by closed lane # (Portrait version) (%) 
Closed lane # Total 
Component 
Patching  Striping  Sweeping  
Mowing and roadside work 
Mowing  
Roadside work 
(marking and others) 
1(left lane) 60.37  79.49  15.91  100.00  86.27  53.57  
2 1.83  2.56  2.27  0.00  1.96  0.00  
3 0.00  0.00  0.00  0.00  0.00  0.00  
Larger than 3 0.61  0.00  0.00  0.00  1.96  0.00  
Shoulder 37.20  17.95  81.82  0.00  9.80  46.43  
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TOTAL 100.00  100.00  100.00  100.00  100.00  100.00  
 
Table 42 Arterial schedule by closed lane # (Landscape version) (%) 
Closed lane # Total 
Component 
Patching  Striping  Sweeping  
Mowing and roadside work 
Mowing  
Roadside work 
(marking and others) 
1(left lane) 100.00  31.31  7.07  2.02  44.44  15.15  
2 100.00  33.33  33.33  0.00  33.33  0.00  
3 0 0 0 0 0 0 
Larger than 3 100.00  0.00  0.00  0.00  100.00  0.00  
Shoulder 100.00  11.48  59.02  0.00  8.20  21.31  
Total 100.00  23.78  26.83  1.22  31.10  17.07  
 
 
2.2.3 Speed limit (MPH) 
 
Table 43 Arterial schedule by Speed limit (MPH) 
Speed limit 
 (MPH)  
Total 
Component 
Patching Striping Sweeping 
Mowing and roadside work 
Mowing 
Roadside work 
(marking and others) 
70 0 0 0 0 0 0 
65 2 0 0 2 0 0 
60 0 0 0 0 0 0 
Under 
60 
55 15 4 0 0 11 0 
50 19 7 0 0 0 12 
45 26 3 3 0 17 3 
Under 45 102 25 41 0 0 36 
sum 162 39 44 0 28 51 
Total 164 39 44 2 28 51 
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Table 44 Arterial schedule by Speed limit (MPH) (Portrait version) (%) 
Speed limit 
 (MPH)  
Total 
Component 
Patching Striping Sweeping 
Mowing and roadside work 
Mowing 
Roadside work 
(marking and others) 
70 0.00  0.00  0.00  0.00  0.00  0.00  
65 1.22  0.00  0.00  100.00  0.00  0.00  
60 0.00  0.00  0.00  0.00  0.00  0.00  
Under 
60 
55 9.15  10.26  0.00  0.00  39.29  0.00  
50 11.59  17.95  0.00  0.00  0.00  23.53  
45 15.85  7.69  6.82  0.00  60.71  5.88  
Under 45 62.20  64.10  93.18  0.00  0.00  70.59  
sum 98.78  100.00  100.00  0.00  100.00  100.00  
Total 100.00  100.00  100.00  100.00  100.00  100.00  
 
 
 
 
 
 
 
 
 
 
Table 45 Arterial schedule by speed limit (MPH) (Landscape version) (%) 
Speed limit 
 (MPH)  
Total 
Component 
Patching Striping Sweeping 
Mowing and roadside work 
Mowing 
Roadside work 
(marking and others) 
70 0 0 0 0 0 0 
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65 100.00  0.00  0.00  100.00  0.00  0.00  
60 0 0 0 0 0 0 
Under 
60 
55 100.00  26.67  0.00  0.00  73.33  0.00  
50 100.00  36.84  0.00  0.00  0.00  63.16  
45 100.00  11.54  11.54  0.00  65.38  11.54  
Under 45 100.00  24.51  40.20  0.00  0.00  35.29  
sum 100.00  24.07  27.16  0.00  17.28  31.48  
Total 100.00  23.78  26.83  1.22  17.07  31.10  
 
2.2.4 Weekdays 
 
Table 46 Arterials schedule by Weekdays 
Weekdays Total 
Component  
Patching  Striping  Sweeping  
Mowing and roadside work  
Mowing 
Roadside work (marking and 
others) 
Monday 19 5 5 0 3 6 
Tuesday 26 6 8 0 4 8 
Wednesday 36 8 10 1 6 11 
Thursday 31 8 8 0 5 10 
Friday 39 9 10 1 7 12 
Saturday 9 2 2 0 2 3 
Sunday 4 1 1 0 1 1 
Total 164 39 44 2 28 51 
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Table 47 Arterials schedule by Weekdays (Portrait version) (%) 
Weekdays Total 
Component  
Patching Striping Sweeping 
Mowing and roadside work 
Mowing 
Roadside work (marking 
and others) 
Monday 11.59  12.82  11.36  0.00  10.71  11.76  
Tuesday 15.85  15.38  18.18  0.00  14.29  15.69  
Wednesday 21.95  20.51  22.73  50.00  21.43  21.57  
Thursday 18.90  20.51  18.18  0.00  17.86  19.61  
Friday 23.78  23.08  22.73  50.00  25.00  23.53  
Saturday 5.49  5.13  4.55  0.00  7.14  5.88  
Sunday 2.44  2.56  2.27  0.00  3.57  1.96  
Total 100.00  100.00  100.00  100.00  100.00  100.00  
 
 
Table 48 Arterials schedule by Weekdays (Landscape version) (%) 
Weekdays Total 
Component  
Patching  Striping  Sweeping  
Mowing and roadside work  
Mowing 
Roadside work (marking and 
others) 
Monday 100.00  26.32  26.32  0.00  15.79  31.58  
Tuesday 100.00  23.08  30.77  0.00  15.38  30.77  
Wednesday 100.00  22.22  27.78  2.78  16.67  30.56  
Thursday 100.00  25.81  25.81  0.00  16.13  32.26  
Friday 100.00  23.08  25.64  2.56  17.95  30.77  
148 
 
Saturday 100.00  22.22  22.22  0.00  22.22  33.33  
Sunday 100.00  25.00  25.00  0.00  25.00  25.00  
Total 100.00  23.78  26.83  1.22  17.07  31.10  
 
 
 
 
 
 
 
3 Freeway differential analysis  
3.1 working schedule 
 
Table 49   Month (%) 
Month 
Component 
Patching  Striping  Sweeping  
Mowing and roadside work 
Mowing  
Roadside work (marking 
and others) 
Jan 1.52  0.02  0.03  0.00  0.04  
Feb 1.38  0.02  0.00  0.00  0.10  
Mar 3.01  0.30  0.42  0.00  0.18  
Apr 3.19  0.07  1.40  0.00  0.43  
May 6.82  1.02  1.30  0.00  0.28  
Jun 12.98  1.10  1.39  0.11  0.48  
Jul 11.09  0.65  2.01  1.46  0.61  
Aug 12.45  1.23  1.59  1.10  0.11  
Sep 11.00  2.82  1.68  0.69  1.19  
Oct 3.06  3.31  1.21  0.54  0.76  
Nov 0.39  2.11  0.03  0.00  0.22  
Dec 0.63  0.27  0.05  0.00  0.13  
 
Table 50 Closed lane # (%) 
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Closed lane # 
Component 
Patching Striping Sweeping 
Mowing and roadside work 
Mowing 
Roadside work 
(marking and others) 
1(left lane) 65.16  2.65  10.59  0.40  3.72  
2 1.05  0.14  0.00  0.01  0.32  
3 0.21  0.01  0.02  0.00  0.02  
Larger than 3 0.14  0.00  0.00  0.00  0.00  
Shoulder 0.96  10.12  0.52  3.48  0.48  
 
Table 51 Speed limit (MPH) (%) 
Speed limit (MPH) 
Component 
Patching Striping Sweeping 
Mowing and roadside work 
Mowing 
Roadside work 
(marking and others) 
70 0.23  0.27  0.01  0.15  0.07  
65 0.20  0.00  0.43  1.52  0.00  
60 0.77  0.13  0.13  0.13  0.66  
Under 
60 
55 13.90  0.43  0.99  1.55  0.66  
50 5.13  0.80  0.02  0.00  0.67  
45 5.02  6.04  0.40  0.07  0.59  
Under 45 42.26  5.27  9.15  0.48  1.88  
sum 66.31  12.53  10.55  2.10  3.80  
 
 
Table 52 Weekdays (%) 
Weekdays 
Component 
Patching Striping Sweeping 
Mowing and roadside work 
Mowing 
Roadside work 
(marking and others) 
Monday 13.31  2.55  2.19  0.77  0.89  
Tuesday 14.84  2.84  2.45  0.86  1.00  
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Wednesday 15.03  2.88  2.47  0.87  1.01  
Thursday 14.53  2.78  2.39  0.84  0.97  
Friday 9.67  1.85  1.59  0.56  0.65  
Saturday 0.07  0.01  0.01  0.01  0.01  
Sunday 0.06  0.01  0.01  0.01  0.01  
 
3.2 Freeway crashes 
 
Table 53   Month (%) 
month 
Component 
Patching  Striping  Sweeping  
Mowing and roadside work 
Mowing  
Roadside work 
(marking and others) 
Jan 2.20  0.00  0.00  0.00  3.30  
Feb 4.40  0.00  0.00  0.00  1.10  
Mar 6.59  0.00  1.10  0.00  7.69  
Apr 1.10  5.49  2.20  0.00  6.59  
May 0.00  2.20  3.30  0.00  2.20  
Jun 0.00  2.20  0.00  3.30  1.10  
Jul 2.20  2.20  2.20  3.30  2.20  
Aug 0.00  1.10  1.10  0.00  4.40  
Sep 0.00  2.20  3.30  0.00  0.00  
Oct 1.10  1.10  1.10  0.00  4.40  
Nov 3.30  0.00  0.00  0.00  2.20  
Dec 4.40  0.00  1.10  0.00  1.10  
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Table 54 Closed lane # (%) 
Closed lane # 
Component 
Patching Striping Sweeping 
Mowing and roadside work 
Mowing 
Roadside work 
(marking and others) 
1(left lane) 4.40  9.89  8.79  4.40  15.38  
2 12.09  4.40  0.00  1.10  9.89  
3 5.49  1.10  4.40  0.00  9.89  
Larger than 3 1.10  0.00  0.00  0.00  0.00  
Shoulder 0.00  0.00  0.00  0.00  1.10  
 
Table 55 Speed limit (MPH) (%) 
Speed limit 
Component 
Patching Striping Sweeping 
Mowing and roadside work 
Mowing 
Roadside work 
(marking and others) 
70 1.10  10.99  0.00  3.30  17.58  
65 8.79  0.00  2.20  1.10  0.00  
60 14.29  2.20  8.79  1.10  12.09  
Under 
60 
55 0.00  0.00  0.00  0.00  0.00  
50 0.00  0.00  0.00  0.00  0.00  
45 0.00  0.00  0.00  0.00  0.00  
Under 45 0.00  0.00  0.00  0.00  0.00  
sum 1.10  3.30  4.40  1.10  6.59  
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Table 56 Weekdays (%) 
Weekdays 
Component 
Patching Striping Sweeping 
Mowing and roadside work 
Mowing 
Roadside work 
(marking and others) 
Monday 5.49  2.20  2.20  2.20  7.69  
Tuesday 8.79  3.30  4.40  1.10  8.79  
Wednesday 2.20  5.49  1.10  1.10  10.99  
Thursday 5.49  3.30  3.30  2.20  5.49  
Friday 3.30  2.20  3.30  0.00  3.30  
Saturday 0.00  0.00  1.10  0.00  0.00  
Sunday 0.00  0.00  0.00  0.00  0.00  
 
 
3.3 Difference   
Table 57 Differential analysis calculation by Month (%) 
month 
Component 
Patching  Striping  Sweeping  
Mowing and roadside work 
Mowing  
Roadside work 
(marking and others) 
Jan -0.68  0.02  0.03  0.00  -3.26  
Feb -3.02  0.02  0.00  0.00  -1.00  
Mar -3.58  0.30  -0.68  0.00  -7.51  
Apr 2.09  -5.42  -0.80  0.00  -6.16  
May 6.82  -1.18  -1.99  0.00  -1.92  
Jun 12.98  -1.10  1.39  -3.19  -0.62  
Jul 8.89  -1.55  -0.18  -1.84  -1.59  
Aug 12.45  0.13  0.49  1.10  -4.29  
Sep 11.00  0.62  -1.62  0.69  1.19  
Oct 1.96  2.21  0.11  0.54  -3.63  
Nov -2.90  2.11  0.03  0.00  -1.97  
Dec -3.77  0.27  -1.05  0.00  -0.97  
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Table 58 Differential analysis calculation by Closed lane # (%) 
Closed lane # 
Component 
Patching Striping Sweeping 
Mowing and roadside work 
Mowing 
Roadside work 
(marking and others) 
1(left lane) 60.77  -7.24  1.79  -3.99  -11.67  
2 -11.04  -4.25  0.00  -1.09  -9.57  
3 -5.29  -1.09  -4.38  0.00  -9.87  
Larger than 
3 
-0.96  0.00  0.00  0.00  0.00  
Shoulder 0.96  10.12  0.52  3.48  -0.61  
 
 
 
 
 
Table 59 Differential analysis calculation by Speed limit (MPH) (%) 
Speed limit 
Component 
Patching Striping Sweeping 
Mowing and roadside work 
Mowing 
Roadside work 
(marking and others) 
70 -0.87  -10.72  0.01  -3.15  -17.51  
65 -8.59  0.00  -1.77  0.42  0.00  
60 -13.52  -2.07  -8.66  -0.97  -11.42  
Under 
60 
55 13.90  0.43  0.99  1.55  0.66  
50 5.13  0.80  0.02  0.00  0.67  
45 5.02  6.04  0.40  0.07  0.59  
Under 45 42.26  5.27  9.15  0.48  1.88  
sum 65.22  9.23  6.16  1.00  -2.80  
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Table 58 Differential analysis calculation by Weekdays (%) 
Weekdays 
Component 
Patching Striping Sweeping 
Mowing and roadside work 
Mowing 
Roadside work 
(marking and others) 
Monday 7.82  0.35  -0.01  -1.43  -6.80  
Tuesday 6.05  -0.45  -1.95  -0.24  -7.79  
Wednesday 12.83  -2.62  1.38  -0.23  -9.98  
Thursday 9.03  -0.52  -0.90  -1.36  -4.52  
Friday 6.38  -0.35  -1.70  0.56  -2.64  
Saturday 0.07  0.01  -1.09  0.01  0.01  
Sunday 0.06  0.01  0.01  0.01  0.01  
 
 
3.4 differential analysis  
Table 59 Differential analysis evaluation standard 
Safety level Differential values range  Evaluation result  
Representative 
symbol 
1 
Do not see the difference (the 
number of accidents is zero) 
Absolutely safe 
 
2 Δ≥10% Very safe 
 
3 10%＞Δ≥5% Relatively safe  
 
4 5＞%Δ≥-5% Normal 
 
5 -5＞%Δ≥-10% Not safe 
 
6 Δ＜-10% Very unsafe 
 
0 Working schedule is zero Do not evaluate 
 
Note: The above table Δ is the differences value between [MWZs working schedule proportion] and 
[accident frequency proportion] 
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Table 60   evaluation results analyzed by month 
month 
Component 
Patching  Striping  Sweeping  
Mowing and roadside work 
Mowing  
Roadside work 
(marking and others) 
Jan 
 
  
 
 
Feb 
 
  
 
 
Mar 
 
 
 
 
 
Apr 
 
 
 
 
 
May 
 
  
 
 
Jun 
 
    
Jul 
 
    
Aug 
 
  
 
 
Sep 
 
  
  
Oct 
   
 
 
Nov 
 
 
 
 
 
Dec 
 
 
 
 
 
 
Table 60 evaluation results analyzed by Closed lane # 
Closed lane # 
Component 
Patching Striping Sweeping 
Mowing and roadside work 
Mowing 
Roadside work 
(marking and others) 
1(left lane) 
 
 
  
 
2 
 
 
 
 
 
3 
 
 
 
 
 
Larger than 
3      
Shoulder 
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Table 62 evaluation results analyzed by Speed limit (MPH) 
Speed limit 
Component 
Patching Striping Sweeping 
Mowing and roadside work 
Mowing 
Roadside work 
(marking and others) 
70 
 
 
 
 
 
65 
 
 
  
 
60 
 
 
 
 
 
Under 
60 
55 
     
50 
   
 
 
45 
     
Under 45 
     
sum 
   
  
 
 
Table 63 evaluation results analyzed by Weekdays 
Weekdays 
Component 
Patching Striping Sweeping 
Mowing and roadside work 
Mowing 
Roadside work 
(marking and others) 
Monday 
 
   
 
Tuesday 
 
   
 
Wednesday 
 
   
 
Thursday 
 
    
Friday 
 
  
 
 
Saturday 
  
 
  
Sunday 
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B:  LSTM model code: 
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